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PREFACE 
I n t e r e s t  i n  human s e t t l e m e n t  sys tems  and p o l i c i e s  h a s  been 
a c e n t r a l  p a r t  o f  u r b a n - r e l a t e d  work a t  IIASA s i n c e  i t s  i n c e p t i o n .  
From 1975 t h r o u g h  1978 t h i s  i n t e r e s t  w a s  m a n i f e s t e d  i n  t h e  work 
o f  the M i g r a t i o n  and  S e t t l e m e n t  Task,  which w a s  f o r m a l l y  conc luded  
i n  November 1978. S i n c e  t h e n ,  a t t e n t i o n  h a s  t u r n e d  t o  d i s semina-  
t i o n  o f  t h e  T a s k ' s  r e s u l t s  and t o  t h e  c o n c l u s i o n  o f  i t s  compara- 
t i v e  s t u d y ,  which i s  c a r r y i n g  o u t  a c o m p a r a t i v e  q u a n t i t a t i v e  
a s s e s s m e n t  o f  r e c e n t  m i g r a t i o n  p a t t e r n s  a n d  s p a t i a l  p o p u l a t i o n  
dynamics i n  a l l  o f  IIASA's 17 NMO c o u n t r i e s .  
T h i s  p a p e r  i s  p a r t  o f  t h e  T a s k ' s  d i s s e m i n a t i o n  e f f o r t  and  
i s  t h e  t h i r d  o f  s e v e r a l  t o  f o c u s  on  t h e  a g e  p a t t e r n s  o f  migra-  
t i o n  e x h i b i t e d  i n  t h e  d a t a  bank assembled f o r  t h e  c o m p a r a t i v e  
s t u d y .  I t  b e g i n s  w i t h  a compara t ive  a n a l y s i s  o f  o v e r  500 ob- 
s e r v e d  m i g r a t i o n  s c h e d u l e s  and t h e n  d e v e l o p s ,  o n  t h e  b a s i s  of 
t h i s  a n a l y s i s ,  a f a m i l y  o f  h y p o t h e t i c a l  " s y n t h e t i c "  s c h e d u l e s  
f o r  u s e  i n  i n s t a n c e s  where m i g r a t i o n  d a t a  are u n a v a i l a b l e  o r  
i n a c c u r a t e .  
R e p o r t s ,  summarizing p r e v i o u s  work o n  m i g r a t i o n  and se t t l e -  
ment a t  IIASA, a re  l i s t e d  a t  t h e  back o f  t h i s  p a p e r .  They 
shou ld  b e  c o n s u l t e d  f o r  f u r t h e r  d e t a i l s  r e g a r d i n g  t h e  d a t a  b a s e  
t h a t  u n d e r l i e s  t h i s  s t u d y .  A t e c h n i c a l  append ix  l i s t i n g  t h e  
p a r a m e t e r s  and v a r i a b l e s  of o v e r  600 model m i g r a t i o n  s c h e d u l e s  
is  a v a i l a b l e  on r e q u e s t .  
Andre i  Rogers  
Chairman 
Human S e t t l e m e n t s  
and  S e r v i c e s  A r e a  
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ABSTRACT 
T h i s  paper  draws on  t h e  fundamental  r e g u l a r i t y  e x h i b i t e d  
by age  p r o f i l e s  o f  m i g r a t i o n  a l l  ove r  t h e  world t o  deve lop  a  
sys tem of  h y p o t h e t i c a l  " s y n t h e t i c "  model m i q r a t i o n  s chedu l e s  
t h a t  c a n  b e  used t o  c a r r y  o u t  m u l t i r e g i o n a l  p o p u l a t i o n  a n a l y s e s  
i n  c o u n t r i e s  t h a t  l a c k  adequa te  m i g r a t i o n  d a t a .  
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MODEL SCHEDULES I N  MULTISTATE DEMOGRAPHIC 
ANALYSIS: THE CASE OF MIGRATION 
1. INTRODUCTION 
The a g e - - s p e c i f i c  f e r t i l i t y  and m o r t a l i t y  s c h e d u l e s  o f  most 
human p o p u l a t i o n s  e x h i b i t  remarkably  p e r s i s t e n t  r e g u l a r i t i e s ;  
c o n s e q u e n t l y  demographers have found it p o s s i b l e  t o  summarize 
and c o d i f y  such r e g u l a r i t i e s  by means o f  h y p o t h e t i c a l  s c h e d u l e s  
c a l l e d  m o d e l  s c h e d u l e s .  Although t h e  development  o f  model f e r -  
t i l i t y  and m o r t a l i t y  s c h e d u l e s  h a s  r e c e i v e d  c o n s i d e r a b l e  a t t e n -  
t i o n ,  t h e  c o n s t r u c t i o n  o f  model m i g r a t i o n  s c h e d u l e s  h a s  n o t ,  
e v e n  though t h e  t e c h n i q u e s  t h a t  have been s u c c e s s f u l l y  a p p l i e d  
t o  t r e a t  tL1.e former  can  r e a d i l y  b e  ex tended  t o  d e a l  w i t h  t h e  
l a t t e r .  The same may be  s a i d  o f  model s c h e d u l e s  o f  l a b o r  f o r c e  
e n t r y  and e x i t ,  and o f  m a r r i a g e ,  d i v o r c e ,  and r e m a r r i a g e . *  
I n  t h i s  paper  w e  c o n s i d e r  t h e  n o t i o n  o f  model m u l t i s t a t e  
s c h e d u l e s ,  f o c u s i n g  i n  p a r t i c u l a r  on t h e  development  o f  a f a m i l y  
o f  model m i g r a t i o n  s c h e d u l e s  f o r  u s e  i n  s i t u a t i o n s  where t h e  
a v a i l a b l e  m i g r a t i o n  d a t a  are i n a d e q u a t e  o r  i n a c c u r a t e .  W e  b e g i n  
by examining r e g u l a r i t i e s  i n  a g e  p r o f i l e  t h a t  a r e  e x h i b i t e d  by 
e m p i r i c a l  s c h e d u l e s  o f  m i g r a t i o n  rates.  E x p r e s s i n g  t h i s  regu- 
l a r i t y  i n  a mathemat ica l  form c a l l e d  a model m i g r a t i o n  s c h e d u l e ,  
*There are a few n o t a b l e  e x c e p t i o n s ,  however, such  as t h e  
paper  on  model d i v o r c e  s c h e d u l e s  by Krishnan and Kayani ( 1 9 7 3 ) .  
w e  go on t o  examine t h e  p a t t e r n s  o f  v a r i a t i o n  t h a t  occu r  i n  a  
l a r g e  d a t a  bank of  such  schedules .  Drawing on t h i s  comparat ive  
a n a l y s i s ,  w e  t hen  o u t l i n e  two a l t e r n a t i v e  approaches  f o r  gen- 
e r a t i n g  f a m i l i e s  o f  h y p o t h e t i c a l  " s y n t h e t i c "  model m i g r a t i o n  
s chedu le s  and conc lude  t h a t  f u r t h e r  work is  needed i f  such  ap- 
proaches  a r e  t o  be  o f  p r a c t i c a l  u s e  i n  m i g r a t i o n  s t u d i e s  c a r -  
r i e d  o u t  i n  Th i rd  World popu la t i on  s e t t i n g s .  
2. MIGRATION AGE PATTERNS 
Migration measurement can usefully apply concepts borrowed 
from both mortality and fertility analysis, modifying them 
where necessary to take into account aspects that are peculiar 
to spatial mobility. From mortality analysis, migration studies 
can borrow thenotionof the life table, extending it to include 
increments as well as decrements, in order to reflect the mutual 
interaction of several regional cohorts (Rogers, 1973a, b, and 
1975; Rogers and Ledent, 1976). From fertility analysis, migra- 
tion studies can borrow well-developed techniques for graduating 
age-specific schedules (Rogers, Raquillet, and Castro, 1978). 
Fundamental to both "borrowings" is a workable definition of the 
migration rate. 
2.1 Migration Rates and Migration Rate Schedules 
During the course of a year, or some such fixed interval of 
time, a nurnljer of individuals living in a particular community 
change their regular place of residence. Let us call such per- 
sons m o b i l e s  to distinguish them from those individuals who have 
not changed their place of residence, i.e., the non-mob i l e s .  
Some of the mobiles will have moved to a new community of resi- 
dence; otherswill simply have transferred their household to 
another residence within the same community. The former may 
be called movers ,  the latter, r e l o c a t o r s .  A few in each cate- 
gory will have died before the end of the unit time interval. 
Assessing the situation with respect to the start and the 
end of the unit time interval, we may divide movers who s u r -  
v i v e d  to the end of the interval into two groups: those living 
in the same community of residence as at the start of the inter- 
val and those living elsewhere. The first group of movers will 
be referred to as s u r v i v i n g  r e t u r n e e s ,  the second will be called 
s u r v i v i n g  m i g r a n t s .  An analogous division may be made of movers 
who died before the end of the interval to define n o n s u r v i v i n g  
r e t u r n e e s  and n o n s u r v i v i n g  m i g r a n t s .  
A move, then  i s  an even t :  a  s e p a r a t i o n  from a  community. 
A mover i s  an i n d i v i d u a l  who has  made a  move a t  l e a s t  once 
d u r i n g  a  g iven  i n t e r v a l  o f  t i m e .  A migrant  ( i . e . ,  a  s u r v i v i n g  
o r  nonsurv iv ing  m i g r a n t ) ,  on t h e  o t h e r  hand,  i s  an i n d i v i d u a l  
who a t  t h e  end o f  a g iven  t i m e  i n t e r v a l  no l o n g e r  i n h a b i t s  t h e  
same community o f  r e s i d e n c e  as a t  t h e  s ta r t  o f  t h e  i n t e r v a l .  
(The a c t  o f  s e p a r a t i o n  from one s ta te  i s  l i n k e d  w i t h  an  add i -  
t i o n  t o  ano the r  s ta te . )  Thus p a r a d o x i c a l l y ,  a m u l t i p l e  mover 
may b e  a  nonmigrant  by o u r  d e f i n i t i o n ;  t h a t  i s ,  i f  a p a r t i c u l a r  
mover r e t u r n s  t o  t h e  i n i t i a l  p l a c e  o f  r e s i d e n c e  b e f o r e  t h e  end 
of  t h e  u n i t  t i m e  i n t e r v a l ,  no "mig ra t i onn  i s  s a i d  t o  have  t aken  
p l a c e .  * 
The s i m p l e s t  and most  common measure o f  m i g r a t i o n  i s  t h e  
c rude  m i g r a t i o n  ra te ,  d e f i n e d  as t h e  r a t i o  o f  t h e  number of 
migrants ,  l e a v i n g  a  p a r t i c u l a r  popu la t i on  l o c a t e d  i n  space  and 
t i m e ,  t o  t h e  average  number of pe rsons  (more e x a c t l y ,  t h e  num- 
b e r  o f  pe rson-years )  exposed t o  t h e  r i s k  o f  becoming migran t s .**  
Because m i g r a t i o n  i s  h i g N y  age  s e l e c t i v e ,  w i t h  a l a r g e  
f r a c t i o n  o f  m ig ran t s  be ing  t h e  young, o u r  unde r s t and ing  of m i -  
g r a t i o n  p a t t e r n s  and dynamics i s  a i d e d  by computing m i g r a t i o n  
r a t e s  f o r  e ach  s i n g l e  y e a r  o f  age .  Summing t h e s e  rates ove r  
a l l  ages  o f  l i f e  g i v e s  t h e  g r o s s  migraproduct ion r a t e  ( G M R ) ,  t h e  
mig ra t i on  ana log  o f  f e r t i l i t y ' s  g r o s s  r e p r o d u c t i o n  ra te .  
F i g u r e  2.1 i n d i c a t e s  t h a t  a g e - s p e c i f i c  annua l  r a t e s  o f  r e s i -  
d e n t i a l  m o b i l i t y  among w h i t e s  and b l a c k s  i n  t h e  U.S. d u r i n g  
1966-1971 e x h i b i t e d  a  common p r o f i l e .  M o b i l i t y  r a t e s  among 
i n f a n t s  and young c h i l d r e n  mi r ro r ed  t h e  r e l a t i v e l y  h i g h  rates 
o f  t h e i r  p a r e n t s ,  young a d u l t s  i n  t h e i r  l a t e  t w e n t i e s .  The 
m o b i l i t y  o f  a d o l e s c e n t s  w a s  lower b u t  exceeded t h a t  of  young 
* W e  d e f i n e  m i g r a t i o n  t o  be  t h e  t r a n s i t i o n  between s t a t e s  
exper ienced  by a  migran t .  
**Because d a t a  on nonsurv iv ing  mig ran t s  a r e  g e n e r a l l y  un- 




Figure 2.1 Observed annual migration rates by color and single 
years of age: the United States, 1966-1971. 
t e e n s ,  w i th  t h e  l a t t e r  showing a  l o c a l  low p o i n t  around age 
f i f t e e n .  T h e r e a f t e r  m o b i l i t y  r a t e s  i n c r e a s e d ,  a t t a i n i n g  a  h i g h  
peak a t  about  age  twenty two and t h e n  d e c l i n i n g  monoton ica l ly  
w i t h  age t o  t h e  ages  of  r e t i r e m e n t .  The m o b i l i t y  l e v e l s  of  
bo th  wh i t e s  and b l a c k s  were roughly  s i m i l a r ,  w i t h  w h i t e s  show- 
i n g  a  g r o s s  migraproduc t ion  r a t e  o f  about  1 4  moves and b l a c k s  
one of  approx imate ly  1 5  o v e r  a  l i f e t i m e  und i s tu rbed  by m o r t a l i t y  
b e f o r e  t h e  end of  t h e  mobi le  ages .  
Although i t  h a s  been f r e q u e n t l y  a s s e r t e d  t h a t  mig ra t i on  
i s  s t r o n g l y  s e x  s e l e c t i v e ,  w i t h  males be ing  more mobi le  t h a n  
females ,  r e c e n t  r e s e a r c h  i n d i c a t e s  t h a t  s e x  s e l e c t i v i t y  i s  
much less pronounced t h a n  age  s e l e c t i v i t y  and t h a t  it i s  less 
uniform a c r o s s  t i m e  and space .  Neve r the l e s s ,  because  most 
models and s t u d i e s  o f  popu la t i on  dynamics d i s t i n g u i s h  between 
t h e  s e x e s ,  most m i g r a t i o n  measures do a l s o .  
F igure  2 . 2  i l l u s t r a t e s  t h e  age  p r o f i l e s  o f  male and female  
mig ra t i on  s c h e d u l e s  i n  f o u r  d i f f e r e n t  c o u n t r i e s  a t  abou t  t h e  
same p o i n t  i n  t i m e  between roughly comparable a r e a l  u n i t s :  
communes i n  t h e  Nether lands  and Sweden, vo ivodsh ips  i n  Poland,  
and c o u n t i e s  i n  t h e  U . S .  The mig ra t i on  l e v e l s  f o r  a l l  b u t  
Poland a r e  s i m i l a r ,  va ry ing  between 3.5 and 5.3  moves p e r  l i f e -  
t i m e ;  and t h e  l e v e l s f o r  males and females  a r e  roughly  t h e  same. 
The age p r o f i l e s ,  however, show a  d i s t i n c t ,  and c o n s i s t e n t ,  
d i f f e r e n c e .  The h igh  peak of  t h e  female  s chedu le  a lways  pre -  
cedes  t h a t  o f  t h e  male schedu le  by an amount t h a t  a p p e a r s  t o  
approximate t h e  d i f f e r e n c e  between t h e  average  ages  a t  mar r i age  
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" 2  . d Q  
Under normal s t a t i s t i c a l  c o n d i t i o n s ,  p o i n t - t o - p o i r , t  move- 
ments a r e  a g g r e g a t e d  i n t o  s t r e a m s  between o n e  c i v i l  d i v i s i o n  
and a n o t h e r ;  c o n s e q u e n t l y ,  t h e  l e v e l  o f  i n t e r r e g i o n a l  migra-  
t i o n  depends  on t h e  s i z e  of  t h e  a r e a l  u n i t  s e l e c t e d .  Thus,  i f  
t h e  a r e a l  u n i t  chosen  i s  a  minor c i v i l  d i v i s i o n  s u c h  a s  a  
c o u n t y  o r  a  commune, a  g r e a t e r  p r o p o r t i o n  o f  r e s i d e n t i a l  l o c a -  
t i o n  w i l l  b e  i n c l u d e d  a s  m i g r a t i o n  t h a n  i f  t h e  a r e a l  u n i t  
chosen  i s  a  major  c i v i l  d i v i s i o n  such  a s  a  s t a t e  o r  a  p r o v i n c e .  
F i g u r e  2 . 3  p r e s e n t s  t h e  a g e  p r o f i l e s  o f  f e m a l e  m o b i l i t y  
and m i g r a t i o n  s c h e d u l e s  a s  measured by d i f f e r e n t  s i z e s  o f  a r e a l  
u n i t s :  1 )  a l l  moves from one r e s i d e n c e  t o  a n o t h e r ,  2 )  c h a n g e s  
o f  r e s i d e n c e  w i t h i n  c o u n t y  b o u n d a r i e s ,  3 )  m i g r a t i o n  between 
c o u n t i e s ,  and 4 )  m i g r a t i o n  between s t a t e s .  The r e s p e c t i v e  f o u r  
g r o s s  m i g r a p r o d u c t i o n  r a t e s  ( G M R s )  a r e  1 4 . 3 ,  9 .3 ,  5 .0,  and 2 .5 ,  
r e s p e c t i v e l y .  The f o u r  a g e  p r o f i l e s  a p p e a r  t o  b e  remarkab ly  
s i m i l a r ,  i n d i c a t i n g  t h a t  t h e z e g u l a r i t y  i n  a g e  p a t t e r n  p e r s i s t s  
a c r o s s  a r e a l  d e l i n e a t i o n s  of  d i f f e r e n t  s i z e .  
F i n a l l y ,  m i g r a t i o n  o c c u r s  o v e r  t i m e  a s  w e l l  a s  a c r o s s  s p a c e ;  
t h e r e f o r e ,  s t u d i e s  o f  i t s  p a t t e r n s  must t r a c e  i ts  o c c u r r e n c e  
w i t h  r e s p e c t  t o  a  t i m e  i n t e r v a l ,  a s  w e l l  a s  o v e r  a  s y s t e m  o f  
g e o g r a p h i c a l  a r e a s .  I n  g e n e r a l ,  t h e  l o n g e r  t h e  t i m e  i n t e r v a l ,  
t h e  l a r g e r  w i l l  be t h e  number of  r e t u r n  movers and n o n s u r v i v i n g  
m i g r a n t s  and; hence ,  t h e  more t h e  c o u n t  on  m i g r a n t s  w i l l  under-  
s t a t e  t h e  number o f  i n t e r - a r e a  movers ( a n d ,  o f  c o u r s e ,  a l s o  of 
moves) .  P h i l i p  Rees, f o r  example,  a f t e r  examining t h e  r a t i o s  
o f  one-year  t o  f i v e - y e a r  m i g r a n t s  between t h e  S t a n d a r d  Regions  
o f  G r e a t  B r i t a i n ,  found t h a t  
t h e  number o f  m i g r a n t s  r e c o r d e d  o v e r  f i v e  y e a r s  i n  a n  
i n t e r r e g i o n a l  f l o w  v a r i e s  from f o u r  t i m e s  t o  two t i m e s  
t h e  number o f  m i g r a n t s  r e c o r d e d  o v e r  o n e  y e a r .  
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Figure 2 . 3  Observed female annual migration rates by levels of 
areal aggregation and single years of age: the United 
States, 1966-1971. 
2.2 Model Migration Rate Schedules 
It appears that the most prominent regularity found in 
empirical schedules of age-specific migration rates is the se- 
lectivity of migration with respect to age. Young adults in 
their early twenties generally show the highest migration rates 
and young teenagers the lowest. The migration rates of children 
mirror those of their parents; hence the migration rates of in- 
fants exceed those of adolescents. Finally, migration streams 
directed toward regions with warmer climates and into or out of 
large cities with relatively high levels of social services and 
cultural amenities often exhibit a "retirement peakv at ages in 
the mid-sixties or beyond. 
Figure 2.4 illustrates a typical observed age-specific mi- 
gration schedule (the jagged outline) and its graduation by a 
model schedule (the superimposed smooth outline) defined as the 
sum of four components: 
1) a single negative exponential curve of the pre-labor 
force ages, with its rate of descent, a  1 
2) a left-skewed unimodal curve of the labor force ages 
positioned at p2 on the age axis and exhibiting rates 
of ascent, h2, and descent, a2. 
3) an almost bell-shaped curve of the post-labor force 
ages positioned at p 3  on the age axis and exhibiting 
rates of ascent, A3, and descent, 
a3 
4) a constant curve, c, the inclusion of which improves 
the quality of fit provided by the mathematical ex- 
pression of the schedule 
The decomposition described above suggests the following 
simple sum of four curves (Rogers, Raquillet, and Castro, 1978):* 
*Both the labor force and the post-labor force components 
in equation (1) are described by the "double exponential" curve 
formulated by Coale and McNeil (1972) for their studies of nup- 
tiality and fertility. 
a, = rate of descent of urc-labor-fcrce curve xp = :he low point 
X 2  = rate of ascent of labor force curve xh  = the high peak 
a2 = rate of descent of labor force curve xr = the retirement peak 
X ,  = rate of ascent of post-labor-force curve X = the labor force shift 
- 
a3 = rate of descent o f  post-labor-fora curva A = the parental shift 
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Figure 2 . 4  The model migration schedule. 
The " f u l l "  model s c h e d u l e  i n  e q u a t i o n  ( 1 )  h a s  e l e v e n  p a r a m e t e r s :  
a  I '  a  I t  a 2 ,  9, a 2 ,  A 2 ,  a 3 t  P 3 t  a  3 ,  A 3 ,  and c. The p r o f i l e  o f  
t h e  f u l l  model s c h e d u l e  i s  d e f i n e d  by seven of  t h e  e l e v e n  param- 
e ters :  n l ,  112, a 2 ,  A * ,  u 3 ,  a 3 ,  and A 3 .  Its l e v e l  i s  de te rmined  
by t h e  remaining f o u r  p a r a m e t e r s :  a  1 ' a 2 ,  a 3 ,  and c.  A change 
i n  t h e  v a l u e  o f  t h e  g r o s s  m i g r a p r o d u c t i o n  r a t e  o f  a  p a r t i c u l a r  
model s c h e d u l e  a l t e r s  p r o p o r t i o n a l l y  t h e  v a l u e s  o f  t h e  l a t t e r  
b u t  d o e s  n o t  a f f e c t  t h e  fo rmer .  However, a s  w e  s h a l l  see i n  t h e  
n e x t  s e c t i o n ,  c e r t a i n  a s p e c t s  o f  t h e  p r o f i l e  a l s o  depend on t h e  
a l l o c a t i o n  of  t h e  s c h e d u l e ' s  l e v e l  among t h e  l a b o r ,  p r e - l a b o r ,  
and p o s t - l a b o r  f o r c e  a g e  components ,  and on t h e  s h a r e  of  t h e  
t o t a l  l e v e l  accoun ted  f o r  by t h e  c o n s t a n t  t e r m ,  c.  F i n a l l y ,  
m i g r a t i o n  s c h e d u l e s  w i t h o u t  a  r e t i r e m e n t  peak may b e  r e p r e s e n t e d  
by a  " r e d u c e d "  model w i t h  seven  p a r a m e t e r s ,  b e c a u s e  i n  s u c h  i n -  
s t a n c e s  t h e  t h i r d  component o f  e q u a t i o n  ( 1 )  i s  o m i t t e d .  
T a b l e  2.1 sets o u t  i l l u s t r a t i v e  v a l u e s  o f  t h e  b a s i c  and d e r i v e d  
measures  p r e s e n t e d  i n  F i g u r e  2.4. The d a t a  r e f e r  t o  1974 m i g r a t i o n  
s c h e d u l e s  f o r  an  e i q h t - r e g i o n  d i s a g g r e g a t i o n  o f  Sweden (Andersson and 
Ho.lmberg,l980).The method chosen f o r  f i t t i n g  t h e  model s c h e d u l e  
t o  t h e  d a t a  i s  a  f u n c t i o n a l - m i n i m i z a t i o n  p r o c e d u r e  known a s  
t h e  m o d i f i e d  Levenberg-Marquardt  a l g o r i t h m . *  Minimum c h i -  
s q u a r e  e s t i m a t o r s  a r e  used  i n s t e a d  o f  l e a s t  s q u a r e s  e s t i m a t o r s .  
The d i f f e r e n c e s  between t h e  two p a r a m e t r i c  e s t i m a t e s  t e n d  t o  b e  
s m a l l ,  and b e c a u s e  t h e  former  g i v e  more w e i g h t  t o  a g e  g r o u p s  
w i t h  s m a l l e r  r a t e s  o f  m i g r a t i o n ,  w e  u s e  minimum c h i - s q u a r e  es t i -  
m a t o r s  i n  t h e  remainder  o f  t h e  p a p e r .  
To a s s e s s  t h e  q u a l i t y  o f  f i t  t h a t  t h e  model s c h e d u l e  pro-  
v i d e s  when i t  i s  a p p l i e d  t o  o b s e r v e d  d a t a ,  w e  c a l c u l a t e  t h e  
"mean a b s o l u t e  e r r o r  a s  a  p e r c e n t a g e  o f  t h e  obse rved  mean": 
*See Appendix A and Brown and Dennis  ( 1  972) , Levenberg ( 1944) , 
and Marquardt  ( 1  963) . 
T a b l e  2 . 1  P a r a m e t e r s  and v a r i a b l e s  d e f i n i n g  o b s e r v e d  model 
m i g r a t i o n  s c h e d u l e s :  Swedish r e g i o n s ,  1 9 7 4 .  
- - - - -  ~~ - 
1. 2 .  3 .  4. 
Parameters Eas t  Middle- South Middle- 
and Stockholm Sweden Sweden South 






























*The GMR, i ts  percentage  d i s t r i b u t i o n  a c r o s s  t h e  t h r e e  major age ca t e -  
- 
g o r i e s  ( i . e . ,  0-14, 15-64, 6 5 + ) ,  and t h e  mean age ,  n ,  a l l  a r e  c a l c u l a t e d  
wi th  a model schedule  spanning an age range of  95 yea r s .  
Table 2.1 Parameters and variables defining observed model 





Variables M F 
GMR 0.80 0.82 
6. 7. 8. 
North Middle- Lower North- Upper North- 
Sweden Sweden Sweden 
M F M F M F 
T h i s  measu re  i n d i c a t e s  t h a t  t h e  f i t  o f  t h e  model t o  t h e  Swedish  
d a t a  is  r e a s o n a b l y  good ,  t h e  e i g h t  i n d i c e s  o f  g o o d n e s s - o f - f i t  
b e i n g  6 . 8 7 ,  6 . 4 1 ,  1 2 . i 5 ,  1 1 . 0 1 ,  9 . 3 1 ,  1 0 . 7 7 ,  1 1 . 7 4 ,  and  1C.82,  
f o r  m a l e s  and  7 . 3 0 ,  7 . 2 3 ,  70 .71 ,  8 . 7 8 ,  9 . 3 1 ,  1 1 . 6 1 ,  1 1 . 3 8 ,  
and 13 .28  f o r  f e m a l e s .  F i g u r e  2 . 5  i l l u s t r a t e s  g r a , h i c a l l y  
t h i s  g o o d n e s s - o f - f i t  o f  t h e  model s c h e d u l e  t o  t h e  o b s e r v e d  re- 
g i o n a l  m i g r a t i o n  d a t a  f o r  Swed i sh  f e m a l e s .  
Model m i g r a t i o n  s c h e d u l e s  o f  t h e  fo rm s p e c i f i e d  i n  e q u a t i o n  
( 1 )  may b e  c l a s s i f i e d  i n t o  f a m i l i e s  a c c o r d i n g  t o  t h e  r a n g e s  o f  
v a l u e s  t a k e n  o n  by t h e i r  p r i n c i p a l  p a r a m e t e r s .  F o r  example ,  w e  
may o r d e r  s c h e d u l e s  a c c o r d i n g  t o  t h e i r  m i g r a t i o n  l e v e l s  as 
d e f i n e d  by t h e  v a l u e s  of  t h e  f o u r  l e v e l  p a r a m e t e r s  i n  e q u a t i o n  
( I ) ,  i . e . ,  a l l  a 2 t  a 3 t  a n d  c ( o r  by t h e i r  a s s o c i a t e d  g r o s s  mig ra -  
p r o d u c t i o n  r a t e s ) .  A l t e r n a t i v e l y ,  w e  may d i s t i n g u i s h  s c h e d u l e s  
w i t h  a  r e t i r e m e n t  peak  from t h o s e  w i t h o u t  o n e ,  o r  w e  may r e f e r  t o  
s c h e d u l e s  w i t h  r e l a t i v e l y  low or  h i g h  v a l u e s  f o r  t h e  ra te  o f  
a s c e n t  A 2  o r  t h e  mean a g e  n. I n  many a p p l i c a t i o n s ,  it i s  a l s o  
m e a n i n g f u l  t o  c h a r a c t e r i z e  m i g r a t i o n  s c h e d u l e s  i n  t e r m s  o f  s e v e r a l  
o f  t h e  f u n d a m e n t a l  m e a s u r e s  i l l u s t r a t e d  i n  F i g u r e  2 . 4 ,  . s u c h  . a s  t h e  
low p o i n t ,  x t h e  h i g h  peak,  x h ,  L' and  t h e  r e t i r e m e n t  peak,  xr.  
~ s s o k i a t e d  w i t h  t h e  f i r s t  p a i r  o f  p o i n t s  i s  t h e  l a b o r  £0-rce s h i f t ,  
X I  which  is  d e f i n e d  t o  b e  t h e  d i f f e r e n c e  i n  y e a r s  be tween  t h e  
a g e s  o f t h e h i g h  peak  and t h e  l o w  p o i n t ,  i . e . ,  X = Xh - X 1' 
The 
i n c r e a s e  i n  t h e  m i g r a t i o n  r a t e  o f  i n d i v i d u a l s  aged  xh o v e r  t h o s e  
aged  x e  w i l l  b e  c a l l e d  t h e  jump, B.  
The c l o s e  c o r r e s p o n d e n c e  be tween  t h e  m i g r a t i o n  ra tes  o f  
c h i l d r e n  and  t h o s e  o f  t h e i r  p a r e n t s  s u g g e s t s  a n o t h e r  i m p o r t a n t  
s h i f t  i n  o b s e r v e d  m i g r a t i o n  s c h e d u l e s .  I f ,  f o r  e a c h  p o i n t  x 
on t h e  p o s t - h i g h - p e a k  p a r t  o f  t h e  m i g r a t i o n  c u r v e ,  w e  o b t a i n  
(where  it e x i s t s )  by i n t e r p o l a t i o n  t h e  a g e ,  x - Ax s a y ,  w i t h  
t h e  i d e n t i c a l  r a t e  o f  m i g r a t i o n  o n  t h e  p r e - l o w - p o i n t  p a r t  o f  
t h e  m i g r a t i o n  c u r v e ,  t h e n  t h e  a v e r a g e  o f  t h e  v a l u e s  o f  Ax, 
c a l c u l a t e d  i n c r e m e n t a l l y  f o r  t h e  number o f  y e a r s  be tween  z e r o  
and  t h e  l o w - p o i n t  xt, w i l l  b e  d e f i n e d  t o  b e  t h e  o b s e r v e d  
p a r e n t a l  s h i f C ,  A -  
F i g u r e  2 . 5  Observed and model m i g r a t i o n  s chedu le s :  f emales ,  
Swedish r e g i o n s ,  1 9 7 4 .  
F i g u r e  2 . 5  Observed and  model m i g r a t i o n  s c h e d u l e s :  f e m a l e s ,  
Swedish r e g i o n s ,  1 9 7 4  ( c o n t i n u e d ) .  
An observed (graduated) age-specific migration schedule 
may be described in a number of useful ways. For example, 
references may be made to the heights at particular ages, to 
locations of important peaks or troughs, to slopes along the 
schedule's age profile, to ratios between particular heights or 
slopes, to areas under parts of the curve, and to both horizontal 
and vertical distances between important heights and locations. 
The various descriptive measures characterizing an age-specific 
model migration schedule may be conveniently grouped into the 
following categories and sub-categories: 
B a s i c  m e a s u r e s  ( t h e  11 f u n d a m e n t a l  p a r a m e t e r s  and  t h e i r  r a t i o s )  
h e i g h t s  : al I a2, a31 c 
l o c a t i o n s :  P2, L13 
s l o p e s  : al, a2, h2, a j I  h3 
. G l c  = al/cI &12 = al/a2, r a t i o s  . 632 = a 3 /a 2' 
01 2 = a1/a2, o2 = 1 /a = i3/a3 2 2 '  3 
D e r i v e d  m e a s u r e s  ( p r o p e r t i e s  o f  t h e  mode l  s c h e d u  Ze)  
z r e a s  : GMR, %(O-14), %(15-641, 5(65+) 
- 
l o c a t i o n s :  n, x2, XhI Xr 
d i s t a n c e s :  X I  At B 
A convenient approach for characterizing an observed m o d e l  
migration schedule [i.e., an empirical schedule graduated by 
equation (I)] is to begin with the central labor force curve and 
then to "add-on" the pre-labor and post-labor force components 
and the constant component. This approach is represented graph- 
ically in Figure 2.6. 
One can imagine describing a decomposition of the model mi- 
gration schedule along the vertical and horizontal dimensions, 
e.g., allocating a fraction of its level to the constant compon- 
ent and then dividing the remainder among the other three (or 
two) components. The ratio 61c = al/c measures the former al- 
location, and 612 = al/a2 and Gj2 = a3/a2 reflect the latter 
division. 

The heights of the labor force and pre-labor force components 
are reflected in the parameters a2 and a respectively, therefore 1 ' 
the ratio a2/al indicates the degreeof "labor dominance", and its 
reci~rocal, €i12 = al/a2, the i n d e x  of c h i l d  dependency ,  measures 
the l e v e l  at which children migrate with their parents. Thus 
the lower the value of 6121 the lower is the degree of child 
dependency exhibited by a migration schedule and, correspondingly, 
the greater is its labor dominance. This suggests a dichotomous 
classification of migration schedules into c h i l d  d e p e n d e n t  and 
l a b o r  dominan t  categories* 
An analogous argument applies to the post-labor force curve, 
and 632 = a3/a2 suggests itself as the appropriate index. However 
it will be sufficient for our purposes to rely simply on the value 
taken on by the parameter X with positive values pointing out 3 ' 
the presence of a retirement peak and a zero value indicating 
its absence. High.values of X3 will be interpreted as identifying 
r e t i r e m e n t  dominance .  
Labor dominance reflects the relative migration levels of 
those in the working ages relative to those of children and 
pensioners. Labor asymmetry  refers to the shape of the skewed 
bell-shaped curve describing the profile of labor-force-age mi- 
gration. Inagine that a perpendicular line, connecting the high 
peak with the base of the bell-shaped curve (i.e., the jump, B), 
divides the base into two segments X and Y as, for example, in 
the schematic diagram: 
C l e a r l y ,  t h e  r a t i o  Y / X  is  an i n d i c a t o r  o f  t h e  d e g r e e  o f  asymmetry 
o f  t h e  c u r v e .  A more c o n v e n i e n t  i n d e x ,  u s i n g  o n l y  two p a r a m e t e r s  
o f  t h e  model s c h e d u l e  i s  t h e  r a t i o  o2 = A2/a2 , t h e  i n d e x  o f  labor  
asymmetry ,  I t s  movement i s  h i g h l y  c o r r e l a t e d  w i t h  t h a t  o f  Y / X ,  
b e c a u s e  o f  t h e  a p p r o x i m a t e  r e l a t i o n :  
where  % d e n o t e s  p r o p o r t i o n a l i t y .  Thus o 2  may b e  u s e d  t o  c l a s s i f y  
m i g r a t i o n  s c h e d u l e s  a c c o r d i n g  t o  t h e i r  d e g r e e  o f  l a b o r  asymmetry.  
Aga in ,  an  a n a l o g o u s  a rgumen t  a p p l i e s  t o  t h e  p o s t - l a b o r  f o r c e  
c u r v e ,  and  o 3  = A3/a3 may b e  d e f i n e d  t o  b e  t h e  i n d e x  o f  r e t i r e m e n t  
asymmetry.  
When "add ing-on"  a  p r e - l a b o r  f o r c e  c u r v e  o f  a  g i v e n  l e v e l .  
t o  t h e  l a b o r  f o r c e  component ,  i t  is  a l s o  i m p o r t a n t  t o  i n d i c a t e  
s o m e t h i n g  o f  i t s  shape.  For  example ,  i f  t h e  m i g r a t i o n  r a t e s  o f  
c h i l d r e n  m i r r o r  t h o s e  o f  t h e i r  p a r e n t s ,  t h e n  a ,  s h o u l d  b e  approx-  
i m a t e l y  e q u a l  t o  a 2 ,  and  B 1 2  = a 1 / a 2 ,  t h e  i n d e x  o f  p a r e n t a l -  
s h i f t  r e g u l a r i t y ,  s h o u l d  b e  c l o s e  t o  u n i t y .  
The Swedish r e g i o n a l  m i g r a t i o n  p a t t e r n s  d e s c r i b e d  i n  
F i g u r e  2.5 and  i n  T a b l e  2 .1  may b e  c h a r a c t e r i z e d  i n  terms o f  
t h e  v a r i o u s  b a s i c  and  d e r i v e d  measu res  d e f i n e d  above .  W e  be- 
g i n  w i t h  t h e  o b s e r v a t i o n  t h a t  t h e  o u t m i g r a t i o n  l e v e l s  i n  a l l  
o f  t h e  r e g i o n s  a r e  s i m i l a r ,  r a n g i n g  f rom a  low o f .  0.80 f o r  m a l e s  
i n  Region 5  t o  a  h i g h  o f  1.48 f o r  f e m a l e s  i n  Region 2 .  T h i s  s i m -  
i l a r i t y  p e r m i t s  a  r e a s o n a b l y  a c c u r a t e  v i s u a l  a s s e s s m e n t  and  c h a r -  
a c t e r i z a t i o n  o f  t h e  p r o f i l e s  i n  F i g u r e s  2.5.  
L a r g e  d i f f e r e n c e s  i n  g r o s s  m i g r a p r o d u c t i o n  r a t e s  g i v e  r ise 
t o  s l o p e s  and  v e r t i c a l  r e l a t i o n s h i p s  among s c h e d u l e s  t h a t  a r e  
non-comparable  when examined v i s u a l l y .  Recour se  t h e n  must  b e  
made t o  a  s t a n d a r d i z a t i o n  o f  t h e  a r e a s  u n d e r  t h e  m i g r a t i o n  c u r v e s ,  
f o r  example ,  a g e n e r a l  r e - s c a l i n g  t o  a  GMR o f  u n i t y .  Note t h a t  
t h i s  d i f f i c u l t y  d o e s  n o t  a r i s e  i n  t h e  numer ica l  d a t a  i n  Tab le  2 . 1  
b e c a u s e ,  a s  w e  p o i n t e d  o u t  e a r l i e r ,  t h e  p r i n c i p a l  s l o p e  and l o -  
c a t i o n  p a r a m e t e r s  and r a t i o s  used  t o  c h a r a c t e r i z e  t h e  s c h e d u l e s  
a r e  n o t  a f f e c t e d  by changes  i n  l e v e l s .  Only h e i g h t s ,  a r e a s ,  and 
v e r t i c a l  d i s t a n c e s ,  such  a s  t h e  jump, a r e  l e v e l - d e p e n d e n t  measures .  
Among t h e  e i g h t  r e g i o n s  examined, o n l y  t h e  f i r s t  two e x h i b i t  
a  d e f i n i t e  r e t i r e m e n t  p e a k ,  t h e  male peak b e i n g  t h e  more dominant  
one  i n  e a c h  c a s e .  The i n d e x  o f  c h i l d  dependency i s  h i g h e s t  i n  
Region 1  and l o w e s t  i n  Region 8 ,  d i s t i n g u i s h i n g  t h e  l a t t e r  re- 
g i o n ' s  l a b o r  dominant  p r o f i l e  from S tockho lm ' s  c h i l d  dependen t  
o u t m i g r a t i o n  p a t t e r n .  The i n d e x  o f  l a b o r  asymmetry varies  from 
a  low o f  2.34, i n  t h e  c a s e  o f  males  i n  Region 4 t o  a h i g h  o f  
4.95 f o r  t h e  female  o u t m i g r a t i o n  p r o f i l e  o f  Region 8. F i n a l l y ,  
w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  males  i n  Region 1  and f e m a l e s  i n  
Region 6 ,  t h e  m i g r a t i o n  r a t e s  o f  c h i l d r e n  i n  Sweden do  i n d e e d  
seem t o  m i r r o r  t h o s e  o f  t h e i r  p a r e n t s .  The i n d e x  o f  p a r e n t a l -  
s h i f t  r e g u l a r i t y  i s  1.26 i n  t h e  fo rmer  c a s e  and -730 i n  t h e  
l a t t e r ;  f o r  most o f  t h e  o t h e r  s c h e d u l e s  it i s  c l o s e  t o  u n i t y .  
3. A COMPARATIVE ANALYSIS 
The p r eced i n g  s e c t i o n  demonst ra ted  t h a t  a g e - s p e c i f i c  r a t e s  
o f  m i g r a t i o n  e x h i b i t  a  fundamental  age  p r o f i l e  t h a t  can  be ex- 
p r e s s e d  i n  mathemat ica l  form c a l l e d  a  model m i g r a t i o n  s c h e d u l e ,  
which i s  d e f i n e d  by a  t o t a l  o f  1 1  pa rame te r s .  I n  t h i s  s e c t i o n  
w e  s e e k  t o  e s t a b l i s h  t h e  r anges  o f  v a l u e s  t y p i c a l l y  assumed by 
each of  t h e s e  p a r am e t e r s  and t h e i r  a s s o c i a t e d  d e r i v e d  v a r i a b l e s .  
Th i s  e x e r c i s e  i s  made p o s s i b l e  by t h e  a v a i l a b i l i t y  of  a  r e l a -  
t i v e l y  l a r g e  d a t a  b a s e  c o l l e c t e d  by t h e  Comparat ive Migra t ion  
and S e t t l e m e n t  S tudy ,  r e c e n t l y  concluded a t  t h e  I n t e r n a t i o n a l  
I n s t i t u t e  f o r  Appl ied  Systems Ana ly s i s  (IIASA) i n  Laxenburg, 
A u s t r i a  (Rogers ,  1976a, 1976b, 1978; Rogers and ~ i l l e k e n s ,  1978, 
and Wi l l ekens  and Rogers ,  1978 ) .  The m i g r a t i o n  d a t a  f o r  each 
c o u n t r y  i n c l u d ed  i n  t h i s  s t u d y  a r e  se t  o u t  i n  t h e  i n d i v i d u a l  
n a t i o n a l  r e p o r t s .  
3.1 Data P r e p a r a t i o n ,  Parameter  ~ s t i m a t i o n ,  and Summary S t a t i s t i c s  
The a g e - s p e c i f i c  m i g r a t i o n  r a t e s  t h a t  were used t o  demon- 
s t r a t e  t h e  f i t s  o f  t h e  model m i g r a t i o n  s c h e d u l e  i n  t h e  l a s t  sec- 
t i o n  w e r e  s i n g l e - y e a r  r a t e s .  Such d a t a  a r e  v e r y  s c a r c e  a t  t h e  
r e g i o n a l  l e v e l  and,  i n  o u r  compara t ive  a n a l y s i s ,  a r e  a v a i l a b l e  
o n l y  f o r  Sweden. A l l  o t h e r  r e g i o n - s p e c i f i c  m i g r a t i o n  d a t a  a r e  
r e p o r t e d  f o r  f i v e - y e a r  age  groups  on ly  and,  t h e r e f o r e ,  must  be  
i n t e r p o l a t e d  t o  p r o v i d e  t h e  n e c e s s a r y  i n p u t  d a t a  by s i n g l e  y e a r s  
o f  a g e .  I n  a l l  such i n s t a n c e s  t h e  r e g i o n - s p e c i f i c  m i g r a t i o n  
s c h e d u l e s  were f i r s t  s c a l e d  t o  a  g r o s s  migraproduc t ion  r a t e  o f  
u n i t y  (GMR = 1 )  b e f o r e  b e ing  s u b j e c t e d  t o  a  c u b i c  s p l i n e  i n t e r -  
p o l a t i o n  ( M c N e i l ,  T r u s s e l l ,  and T u rne r ,  1977 ) .  
S t a r t i n g  w i t h  a  m i g r a t i o n  s chedu l e  w i t h  a  GMR of u n i t y  and 
r a t e s  by s i n g l e  y e a r s  o f  a g e ,  t h e  n o n l i n e a r  pa ramete r  e s t i m a t i o n  
a l g o r i t h m  u l t i m a t e l y  y i e l d s  a  set  of  e s t i m a t e s  f o r  t h e  model 
s c h e d u l e ' s  p a r am e t e r s . *  Tab le  2.1 i n  S e c t i o n  2 p r e s e n t e d  t h e  
r e s u l t s  t h a t  w e r e  o b t a i n e d  u s i n g  t h e  d a t a  f o r  Sweden. S i n c e  
t h e s e  d a t a  were a v a i l a b l e  f o r  s i n g l e  y e a r s  o f  a g e ,  t h e  i n f l u e n c e  
of  t h e  i n t e r p o l a t i o n  p rocedure  cou ld  be  a s s e s s e d .  T ab l e  3.1 
*See Appendix A f o r  d e t a i l s .  
c o n t r a s t s  t h e  e s t i m a t e s  f o r  f emale  s c h e d u l e s  i n  T a b l e  2 . 1  w i t h  
t h o s e  o b t a i n e d  when t h e  same d a t a  a r e  f i r s t  a g g r e g a t e d  t o  f i v e  
y e a r  a g e  g roups  and t h e n  d i s a g g r e g a t e d  t o  s i n g l e  y e a r s  o f  a g e  
by a c u b i c  s p l i n e  i n t e r p o l a t i o n .  A comparison o f  t h e  pa ramete r  
e s t i m a t e s  i n d i c a t e s  t h a t  t h e  i n t e r p o l a t i o n  p r o c e d u r e  g i v e s  
g e n e r a l l y  s a t i s f a c t o r y  r e s u l t s .  
T a b l e  3.1 r e f e r s  t o  r e s u l t s  f o r  r a t e s  o f  m i g r a t i o n  from e a c h  
o f  e i g h t  r e g i o n s  t o  t h e  rest o f  Sweden. If t h e s e  rates a r e  
d i s a g g r e g a t e d  by r e g i o n  o f  d e s t i n a t i o n ,  t h e n  8 2  = 6 4  i n t e r -  
r e g i o n a l  s c h e d u l e s  need t o  b e  examined f o r  e a c h  s e x ,  c o m p l i c a t i n g  
compar i sons  a c r o s s  s e v e r a l  n a t i o n s .  To r e s o l v e  t h i s  d i f f i c u l t y  w e  
s h a l l  a s s o c i a t e  a " t y p i c a l "  s c h e d u l e  w i t h  e a c h  c o l l e c t i o n  o f  
n a t i o n a l  r a t e s  by c a l c u l a t i n g  t h e  mean o f  e a c h  p a r a m e t e r  and 
d e r i v e d  v a r i a b l e .  T a b l e  3.2 i l l u s t r a t e s  t h e  r e s u l t s  f o r  t h e  
Swedish d a t a .  
To a v o i d  t h e  i n f l u e n c e  o f  u n r e p r e s e n t a t i v e  " o u t l i e r "  obse rva -  
t i o n s  i n  t h e  computa t ion  o f  a v e r a g e s  d e f i n i n g  t h e  t y p i c a l  n a t i o n a l  
s c h e d u l e ,  it was d e c i d e d  t o  d e l e t e  a p p r o x i m a t e l y  10 p e r c e n t  o f  t h e  
"ext reme"  s c h e d u l e s .  S p e c i f i c a l l y ,  t h e  p a r a m e t e r s  and d e r i v e d  
v a r i a b l e s  were  o r d e r e d  from low v a l u e  t o  h i g h  v a l u e ;  t h e  lowest 
5 p e r c e n t  and t h e  h i g h e s t  5 p e r c e n t  were d e f i n e d  t o  b e  ex t reme  
v a l u e s .  S c h e d u l e s  w i t h  t h e  l a r g e s t  number o f  l o w  and  h i g h  ext reme 
v a l u e s  were d i s c a r d e d ,  i n  sequence ,  u n t i l  o n l y  a b o u t  90 p e r c e n t  o f  
t h e  o r i g i n a l  number o f  s c h e d u l e s  remained.  T h i s  r e d u c e d  s e t  t h e n  
s e r v e d  a s  t h e  p o p u l a t i o n  o f  s c h e d u l e s  f o r  t h e  c a l c u l a t i o n  o f  v a r -  
i o u s  summary s t a t i s t i c s .  T a b l e  3.3 i l l u s t r a t e s  t h e  a v e r a g e  pa- 
r a m e t e r  v a l u e s  o b t a i n e d  w i t h  t h e  Swedish d a t a .  S i n c e  t h e  median,  
mode, s t a n d a r d  devia t ion- to-mean r a t i o ,  and lower  and upper  bounds 
a r e  a l s o  o f  i n t e r e s t ,  t h e y  a r e  i n c l u d e d  a s  p a r t  o f  t h e  more de- 
t a i l e d  computer o u t p u t s  r ep roduced  i n  Appendix B. 

Table 3.2 Mean values of parameters. defininq the full set of observed model 
migration schedules: Sweden, 8 regions*, 1974 observed data by single years 
of ave until 84 years and over. 
Sweden 
Males ki ema 1 e s 
Without retirement With retirement Without retirement With retirement 
Parameters peak (52 schedules) peak (11 scheduleq) peak (58 schedules) peak (5 schedules) 
*Region 1 (Stockholm) is a single-commune region and hence there exists no "intraregional" 
schedule for it, leaving (812 - 1 = 63 schedules. 
The c o m p a r i s o n ,  i n  T a b l e  3.1 , o f  e s t i m a t e s  o b t a i n e d  u s i n g  
o n e - y e a r  a n d  f i v e - y e a r  a g e  i n t e r v a l s  f o r  t h e  same Swedish  d a t a  
i n d i c a t e d  t h a t  t h e  i n t e r p o l a t i o n  p r o c e d u r e  g a v e  s a t i s f a c t o r y  re- 
s u l t s .  However, i t  a l s o  s u g g e s t e d  t h a t  t h e  p a r a m e t e r  X 2  w a s  con-  
s i s t e n t l y  u n d e r e s t i m a t e d  w i t h  f i v e - y e a r  d a t a .  To c o n f i r m  t h i s ,  
t h e  r e s u l t s  o f  T a b l e  3 . 3  w e r e  r e p l i c a t e d  w i t h  t h e  Swedish  d a t a  
b a s e ,  u s i n g  a n  a g g r e g a t i o n  w i t h  f i v e - y e a r  a g e  i n t e r v a l s .  The re- 
s u l t s ,  se t  o u t  i n  T a b l e  3 . 4 ,  show o n c e  a g a i n  t h a t  A i s  a l w a y s  2  
u n d e r e s t i m a t e d  b y  t h e  i n t e r p o l a t i o n  p r o c e d u r e .  A l though  t h e  de-  
g r e e  o f  u n d e r e s t i m a t i o n  i s  n o t  l a r g e ,  t h i s  t e n d e n c y  s h o u l d  b e  
n o t e d  a n d  k e p t  i n  mind. 
I t  is  a l s o  i m p o r t a n t  t o  n o t e  t h e  e r r a t i c  b e h a v i o r  o f  t h e  
r e t i r e m e n t  p e a k ,  a p p a r e n t l y  d u e  t o  i t s  e x t r e m e  s e n s i t i v i t y  t o  
t h e  l o s s  o f  i n f o r m a t i o n  a r i s i n g  o u t  o f  t h e  a g g r e g a t i o n .  Thus ,  
a l t h o u g h  w e  s h a l l  c o n t i n u e  t o  p r e s e n t  r e s u l t s  r e l a t i n g  t o  t h e  
p o s t - l a b o r  f o r c e  a g e s ,  t h e y  w i l l  n o t  b e  a p a r t  o f  o u r  s e a r c h  
f o r  f a m i l i e s  o f  s c h e d u l e s .  
3 . 2  N a t i o n a l  C o n t r a s t s  
T a b l e s  3 .3  and  3.4 o f  t h e  p r e c e d i n g  s u b s e c t i o n  summarized 
a v e r a g e  p a r a m e t e r  v a l u e s  f o r  57 m a l e  and  57 f e m a l e  Swedish  model 
m i g r a t i o n  s c h e d u l e s .  I n  t h i s  s u b s e c t i o n  w e  s h a l l  expand  o u r  
a n a l y s i s  t o  i n c l u d e  a  much l a r g e r  d a t a  b a s e ,  a d d i n g  t o  t h e  1 ' 1 4  
Swedish  model  s c h e d u l e s ,  a n o t h e r  164 s c h e d u l e s  f rom t h e  U n i t e d  
Kingdom ( T a b l e  3 . 5 )  ; 114 f rom J a p a n  and  20 f rom t h e  N e t h e r l a n d s  
( T a b l e  3 . 6 ) ;  58 f rom t h e  USSR, 8  f rom t h e  USA, and  32 f r o m  Hun- 
g a r y  ( T a b l e  3 . 7 )  . * Summary s t a t i s t i c s  f o r  t h e s e  510 s c h e d u l e s  
a r e  set  o u t  i n  Appendix B ;  o f  t h o s e ,  206 a r e  male  s c h e d u l e s ,  
206 a r e  f e m a l e  s c h e d u l e s ,  and  98 are f o r  t h e  c o m b i n a t i o n  o f  
b o t h  s e x e s  (males p l u s  f e m a l e s )  . * 
* T h i s  t o t a l  d o e s  n o t  i n c l u d e  t h e  56 s c h e d u l e s  e x c l u d e d  a s  
" e x t r e m e "  s c h e d u l e s .  D u r i n g  t h e  p r o c e s s  o f  f i t t i n g  t h e  model 
s c h e d u l e  t o  t h e s e  more t h a n  500 i n t e r r e g i o n a l  m i g r a t i o n  s c h e d u l e s  
a  f r e q u e n t l y  e n c o u n t e r e d  problem w a s  t h e  o c c u r r e n c e  o f  a  n e g a t i v e  
v a l u e  f o r  t h e  c o n s t a n t  c .  I n  a l l  s u c h  i n s t a n c e s  t h e  i n i t i a l  
v a l u e  o f  c was se t  e q u a l  t o  t h e  l o w e s t  o b s e r v e d  m i g r a t i o n  r a t e  
and  t h e  n o n l i n e a r  e s t i m a t i o n  p r o c e d u r e  was s t a r t e d  o n c e  a g a i n .  
Table 3 . 3  Mean values of parameters defininq the reduced set of observed model 
migration schedules: Sweden, 8 regions, 1974, observed data by single years of age 
until 8 4  years and over.* 
Without retirement With retirement Without retirement With retirement 
Parameters peak ( 4 8  schedules) peak- ' ( 9  schedules) peak ( 5 4  schedules) peak ( 3  schedules) 
*Region 1 (Stockholm) is a single-commune region and hence there exists no intraregional 
schedule for it, leaving (812 - 1 = 6 3  schedules, of which 6 were deleted. 
Table 3.4 Mean values of parameters defining the reduced set of observed model migration 
schedules: Sweden, 8 regions, 1974, observed data by five years of age until 
80 years and over. * 
Sweden 
Males Females 
Without retirement With retirement Without retirement With retirement 
Parameters peak (49 schedules) peak (8 schedules) peak (54 schedules) peak (3 schedules) 
X3 0.148 0.134 
*Region 1 (Stockholm) is a single-commune region and hence there exists no intraregional 
9 
schedule for it, leaving (81L - 1 = 63 schedules, of which 6 were deleted. 
A s i g n i f i c a n t  number of  s c h e d u l e s  e x h i b i t e d  a  p a t t e r n  of  
m i g r a t i o n  i n  t h e  p o s t - l a b o r  f o r c e  a g e s  t h a t  d i f f e r e d  from t h a t  
o f  t h e  11-parameter  model migration s c h e d u l e  d e f i n e d  i n  e q u a t i o n  ( 1 ) .  
I n s t e a d  of  a  r e t i r e m e n t  peak,  t h e  age  p r o f i l e  took  on t h e  form 
o f  an  "upward s l o p e " .  I n  such i n s t a n c e s  t h e  f o l l o w i n g  9-parameter  
m o d i f i c a t i o n  o f  t h e  b a s i c  model m i g r a t i o n  was i n t r o d u c e d  
The r i g h t  h a l f  o f  Tab le  3 .6 ,  f o r  example, sets  o u t  t h e  mean 
pa ramete r  e s t i m a t e s  o f  t h i s  modi f i ed  form o f  t h e  model m i g r a t i o n  
s c h e d u l e  f o r  t h e  N e t h e r l a n d s .  
Tab les  3 .3  th rough  3.7 p r e s e n t  a  w e a l t h  o f  i n f o r m a t i o n  a b o u t  
n a t i o n a l  p a t t e r n s  o f  m i g r a t i o n  by age .  The p a r a m e t e r s ,  se t  o u t  i n  
columns, d e f i n e  a  wide range  o f  model m i g r a t i o n  s c h e d u l e s .  
Four r e f e r  o n l y  t o  m i g r a t i o n  l e v e l :  a  a  a 3 ,  and c .   heir 1 '  2 '  
v a l u e s  a r e  f o r  a  GMR o f  u n i t y ;  t o  o b t a i n  c o r r e s p o n d i n g  v a l u e s  
f o r  o t h e r  l e v e l s  of  m i g r a t i o n ,  t h e s e  f o u r  numbers need t o  be  
m u l t i p l i e d  by t h e  d e s i r e d  l e v e l  of  GMR. For  example,  t h e  ob- 
s e r v e d  GMR f o r  f emale  m i g r a t i o n  o u t  o f  t h e  Stockholm r e g i o n  i n  
1974 was 1.43.  M u l t i p l y i n g  a l  = 0.029 by 1 .43  g i v e s  0 .041,  t h e  
a p p r o p r i a t e  v a l u e  o f  a ,  w i t h  which t o  g e n e r a t e  t h e  m i g r a t i o n  
s c h e d u l e  hav ing  a  GMR o f  1 .43 .  
The remain ing  model s c h e d u l e  p a r a m e t e r s  r e f e r  t o  m i g r a t i o n  
a g e  p r o f i l e :  a l  I p 2 ,  a * I  12, u 3 ,  a j I  and X 3 .  T h e i r  v a l u e s  re- 
main c o n s t a n t  f o r  a l l  l e v e l s  o f  t h e  GMR. Taken t o g e t h e r ,  t h e y  
d e f i n e  t h e  a g e  p r o f i l e  of  m i g r a t i o n  from one  r e g i o n  t o  a n o t h e r .  
Schedu les  w i t h o u t  a  r e t i r e m e n t  peak y i e l d  o n l y  t h e  f o u r  p r o f i l e  
paramete r s :  a 1  I P 2 ,  a 2 ,  and A 2 ,  and s c h e d u l e s  w i t h  a  r e t i r e m e n t  
s l o p e  have an  a d d i t i o n a l  p r o f i l e  p a r a m e t e r ,  a3 .  
A d e t a i l e d  a n a l y s i s  o f  t h e  p a r a m e t e r s  d e f i n i n g  t h e  v a r i o u s  
c l a s s e s  o f  s c h e d u l e s  is  beyond t h e  s c o p e  o f  t h i s  r e p o r t ,  never-  
t h e l e s s  a  few b a s i c  c o n t r a s t s  among n a t i o n a l  a v e r a g e  age  p r o f i l e s  
may b e  u s e f u l l y  h i g h l i g h t e d .  
L e t  u s  begin. w i t h  a n  examina t ion  o f  t h e  l a b o r  f o r c e  compo- 
n e n t  d e f i n e d  by t h e  f o u r  pa ramete r s  a 2 ,  p 2 ,  a 2 ,  and A 2 .  The 
n a t i o n a l  a v e r a g e  v a l u e s  f o r  t h e s e  p a r a m e t e r s  g e n e r a l l y  l i e  with-  
i n  t h e  f o l l o w i n g  r a n g e s :  
I n  a l l  b u t  two i n s t a n c e s ,  t h e  female  v a l u e s  f o r  a 2 ,  a 2 ,  and 
h 2  a r e  l a r g e r  t h a n  t h o s e  f o r  ma les .  The r e v e r s e  i s  t h e  c a s e  f o r  
p 2 ,  w i t h  two e x c e p t i o n s ,  t h e  most i m p o r t a n t  o f  which i s  e x h i b i t e d  
by J a p a n ' s  f e m a l e s  who c o n s i s t e n t l y  show a  h i g h  peak t h a t  i s  
o l d e r  t h a n  t h a t  o f  males .  
The two p a r a m e t e r s  d e f i n i n g  t h e  p r e - l a b o r  f o r c e  component,  
a  and a l ,  g e n e r a l l y  l i e  w i t h i n  t h e  r a n g e s  o f  0.01 t o  0 .03  and 1 
0.08 t o  0.12,  r e s p e c t i v e l y .  The e x c e p t i o n s  a r e  t h e  S o v i e t  Union 
and Hungary, which e x h i b i t  u n u s u a l l y  h i g h  v a l u e s  f o r  a l .  Un l ike  
t h e  c a s e  o f  t h e  l a b o r  f o r c e  component, c o n s i s t e n t  s e x  d i f f e r e n -  
t i a l s  a r e  d i f f i c u l t  t o  i d e n t i f y .  
Average n a t i o n a l  m i g r a t i o n  a g e  p r o f i l e s ,  l i k e  most  aggre -  
g a t i o n s ,  h i d e  more t h a n  t h e y  r e v e a l .  Some i n s i g h t  i n t o  t h e  r a n g e s  
o f  v a r i a t i o n s  t h a t  a r e  ave raged  o u t  may b e  found by c o n s u l t i n g  t h e  
lower  and upper  bounds and s tandard-devia t ion- to-mean r a t i o s  
l i s t e d  i n  Appendix B f o r  each  s e t  of  n a t i o n a l  s c h e d u l e s .  Addi- 
t i o n a l  d e t a i l s  a r e  a v a i l a b l e  i n  t h e  t e c h n i c a l  append ix  t o  t h i s  
r e p o r t * .  F i n a l l y ,  Tab le  3 . 8 ,  i l l u s t r a t e s  how p a r a m e t e r s  v a r y  i n  
*The t e c h n i c a l  appendix  e n t i t l e d  "638 Model M i g r a t i o n  Sche- 
d u l e s :  A T e c h n i c a l  Appendix" i s  a v a i l a b l e  on r e q u e s t .  
s e v e r a l  unaveraged  n a t i o n a l  s c h e d u l e s ,  by way o f  example. The 
model s c h ed u l e s  p r e s e n t e d  t h e r e  d e s c r i b e  m i g r a t i o n  f lows  o u t  o f  
and i n t o  t h e  c a p i t a l  r e g i o n s  o f  each o f  s i x  c o u n t r i e s :  F i n l a n d ,  
Hungary, Japan ,  t h e  Ne ther lands ,  Sweden, and t h e  Uni ted  Kingdom. 
The former s ch ed u l e s  d e s c r i b e  c a p i t a l  o u t f l o w  p r o f i l e s ,  t h e  l a t -  
t e r  d e f i n e  c a p i t a l  i n f l o w  p r o f i l e s .  A l l  a r e  i l l u s t r a t e d  i n  
F i g u r e  3 .1 .  
The most a p p a r e n t  d i f f e r e n c e  between t h e  age  p r o f i l e s  o f  
t h e  c a p i t a l  o u t f l o w  and i n f l o w  m i g r a t i o n  s c h e d u l e s  i s  t h e  domi- 
nance o f  young l a b o r  f o r c e  mig ran t s  i n  t h e  l a t t e r ,  t h a t  i s ,  pro- 
p o r t i o n a t e l y  more m i g r an t s  i n  t h e  young l a b o r  f o r c e  ages  appea r  
i n  c a p i t a l  i n f l o w  s c h e d u l e s .  I n d i c a t i n g  t h i s  l a b o r  dominance 
a r e  t h e  l a r g e r  v a l u e s  o f  t h e  p r o d u c t  a2A2 i n  t h e  i n f l o w  sche-  
d u l e s  and o f  t h e  r a t i o  6 = a1 /a2  i n  t h e  ou t f l ow  schedu l e s .  12 
A second p r o f i l e  a t t r i b u t e  i s  t h e  d e g r e e  of  asymmetry i n  
t h e  l a b o r  f o r c e  component o f  t h e  m i g r a t i o n  s c h e d u l e ,  i . e . ,  t h e  
r a t i o  o f  t h e  r a t e  of  a s c e n t  X 2 ,  t o  t h e  r a t e  of  d e s c e n t  a 2 ,  de- 
f i n e d  a s  c2  i n  S e c t i o n  2. I n  a l l  b u t  t h e  J apanese  c a s e ,  t h e  
l a b o r  f o r c e  c u r v e  o f  t h e  c a p i t a l  ou t f l ow  p r o f i l e  i s  more asym- 
metric t h a n  t h a t  o f  t h e  co r r e spond ing  i n f l o w  p r o f i l e .  W e  r e f e r  
t o  t h i s  c h a r a c t e r i s t i c  a s  l a b o r  asymmetry. 
Examining t h e  obse rved  r a t e s  o f  d e s c e n t  o f  t h e  l a b o r  and 
p re - labor  f o r c e  c u r v e s ,  a 2  and a  r e s p e c t i v e l y ,  w e  f i n d ,  f o r  1 '  
example, t h a t  t h e y  a r e  c l o s e  t o  be ing  e q u a l  i n  t h e  o u t f l o w  sche- 
d u l e s  o f  H e l s i n k i  and Stockholm and a r e  h i g h l y  unequal  i n  t h e  
c a s e s  o f  Budapest ,Tokyo,  and Amsterdam. I n  f o u r  o f  t h e  s i x  
c a p i t a l  i n f l o w  p r o f i l e s  a  > a l .  2  P r o f i l e s  w i t h  s i g n i f i c a n t l y  
d i f f e r e n t  v a l u e s  f o r  a 2  and a l ,  a r e  s a i d  t o  be  i r r e g u l a r .  
I n  c o n c l u s i o n ,  t h e  e m p i r i c a l  m i g r a t i o n  d a t a  o f  s i x  i n -  
d u s t r i a l i z e d  n a t i o n s  s u g g e s t  t h e  fo l l owing  h y p o t h e s i s .  The 
m i g r a t i o n  p r o f i l e  o f  a  t y p i c a l  c a p i t a l  i n f l o w  s c h e d u l e  i s ,  i n  
g e n e r a l ,  more l a b o r  dominan t  and more l a b o r  s y m m e t r i c  t h a n  t h e  
m i g r a t i o n  p r o f i l e  o f  t h e  c o r r e s p o n d i n g  c a p i t a l  o u t f l o w  s c h e d u l e .  
No comparable h y p o t h e s i s  c an  be  made r e g a r d i n g  i t s  a n t i c i p a t e d  
d e g r e e  of  i r r e g u l a r i t y  . 
Table 3.5 Mean values of parameters defining the reduced set of observed 
model migration schedules: United ~ingdom, 10 regions, 1970.* 
United Kingdom 
Males Females 
Without retirement With retirement Without retirement With retirement 
Parameters peak (59 schedules) peak (23 schedules) peak (61 schedules) peak (21 schedules) 
X3 0.309 0.403 
*No intraregional migration data were available; hence (10) - 10 = 90 schedules were analyzed 
and 8 were deleted. 
Table 3 . 6  Mean values of parameters defining the reduced set of observed model 
migration schedules: Japan, 8 regions, 1970 and the Netherlands, 12 regions, 1974.* 
Japan Netherlands 
Males Females Males Females 
With~ut retirement Without retirement With retirement with retirement 
Parameters ~ e a k  (57 schedules) Deak (57 schedules) s l o ~ e  (10 schedules) s l o ~ e  (10 schedules) 
*Region 1 in Japan (Hokkaido) is a single-prefecture region and hence there exists no intraregional 
schedule for it, leaving ( 8 1 ~  - 1 = 6 3  schedules, of which 6  were deleted. The only migration 
schedules available for the Netherlands were the migration rates out of each region without regard 
to destination; hence only 12 schedules were used, of which 2 were deleted. 
T a b l e  3 . 7  Mean v a l u e s  o f  p a r a m e t e r s  d e f i n i n g  t h e  r e d u c e d  set  o f  o b s e r v e d  m o d e l  m i g r a t i o n  
s c h e d u l e s :  USSR, 8 r e g i o n s ,  1 9 7 4 ,  USA, 4 r e g i o n s ,  3 9 7 0 ~ 7 1 ,  a n d  H u n g a r y ,  6 r e g i o n s ,  
1 9 7 4 . *  
I 1 S S R  USA Hunaarv ----. ~ ..-. 
, - - A  
T o t a l ( M a 1 e s  p l u s  Females)  T o t a l ( M a 1 e s  p l u s  Females )  T o t a l ( M a 1 e s  p l u s  Females )  T o t a l ( M a 1 e s  p l u s  Females)  
Wi thou t  r e t i r e m e n t  peak  With r e t i r e m e n t  peak  Wi thou t  r e t i r e m e n t  s l o p e  With r e t i r e m e n t  s l o p e  
( 5 8  s c h e d u l e s )  ( 8  s c h e d u l e s )  ( 7  s c h e d u l e s )  ( 2 5  s c h e d u l e s )  
A 3 0.119 
* I n t r a r e g i o n a l  m i g r a t i o n  w a s  i n c l u d e d  i n  t h e  USSR and ~ u n g a r i a n  d a t a  b u t  n o t  i n  t h e  USA d a t a ;  h e n c e  t h e r e  were  
( € 3 1 ~  = 64 s c h e d u l e s  f o r  t h e  USSR, o f  which  6  were d e l e t e d ,  (612  = 36 s c h e d u l e s  f o r  Hungary.  o f  which  4 were  d e l e t e d .  
L 
and ( 4 )  - 4  = 1 2  s c h e d u l e s  f o r  t h e  USA, o f  which  2 were d e l e t e d  b e c a u s e  t h e y  l a c k e d  a r e t i r e m e n t  peak  and a n o t h e r  
2 w e r e  d e l e t e d  b e c a u s e  o f  t h e i r  ex t r eme  v a l u e s .  

E I 
i i i i i i .  
. a  l ~ ~ a ~ ~ ~ C : p : . i ;  
I l l  

Table 3.8 Parameters defining observed total (males plus females) model migration schedules 
for capital-region flows: Finland, 1974, Hungary, 1974, Japan, 1970, Netherlands, 
1974, Sweden, 1974, United Kingdom, 1970. 
Finland Hungary Japan 
parameters From Helsinki To Helsinki From Budapest TO Budapest From Tokyo To Tokyo 
e 3 . 8  P a r a m e t e r s  d e f i n i n g  o b s e r v e d  t o t a l  (males p l u s  f e m a l e s )  m o d e l  m i g r a t i o n  s c h e d u l e s  
f o r  c a p i t a l - r e g i o n  f l o w s :  F i n l a n d ,  1 9 7 4 ;  H u n g a r y ,  1 9 7 4 ;  J a p a n ,  1 9 7 0 ;  N e t h e r l a n d s ,  
1 9 7 4 ;  Sweden ,  1 9 7 4 ;  U n i t e d  Kingdom,  1 9 7 0  ( c o n t i n u e d ) .  
Netherlands Sweden United Kingdom 
Parameters  From Amsterdam To Amsterdam From Stockholm To Stockholm From London To London 
3.3  F a m i l i e s  o f  Schedu les  
Three  sets  o f  model m i g r a t i o n  s c h e d u l e s  have  been d e f i n e d  
i n  t h i s  p a p e r :  t h e  11-parameter  s c h e d u l e  w i t h  a  r e t i r e m e n t  peak ,  
t h e  a l t e r n a t i v e  9-parameter  s c h e d u l e  w i t h  a  r e t i r e m e n t  s l o p e ,  and 
t h e  s i m p l e  7-parameter  s c h e d u l e  w i t h  n e i t h e r  peak n o r  s l o p e .  
Thus w e  have a t  l e a s t  t h r e e  broad f a m i l i e s  o f  s c h e d u l e s .  
A d d i t i o n a l  d imens ions  f o r  c l a s s i f y i n g  s c h e d u l e s  i n t o  f a m i l i e s  
a r e  s u g g e s t e d  by t h e  above compara t ive  a n a l y s i s  o f  n a t i o n a l  migra- 
t i o n  a g e  p r o f i l e s  and t h e  b a s i c  measures and d e r i v e d  v a r i a b l e s  
d e f i n e d  i n  S e c t i o n  2 .  These d imens ions  r e f l e c t  d i f f e r e n t  l o c a -  
t i o n s  on t h e  h o r i z o n t a l  and v e r t i c a l  a x e s  o f  t h e  s c h e d u l e ,  a s  
w e l l  a s  d i f f e r e n t  r a t i o s  o f  s l o p e s  and h e i g h t s .  
Of t h e  528 model m i g r a t i o n  s c h e d u l e s  s t u d i e d  i n  t h i s  S e c t i o n ,  
416 a r e  s e x - s p e c i f i c  and ,  o f  t h e s e ,  o n l y  336 e x h i b i t  n e i t h e r  a  
r e t i r e m e n t  peak n o r  a  r e t i r e m e n t  s l o p e .  Because t h e  p a r a m e t e r  
e s t i m a t e s  d e s c r i b i n g  t h e  a g e  p r o f i l e  of  p o s t - l a b o r  f o r c e  migra-  
t i o n  a r e  u n r e l i a b l e ,  w e  s h a l l  res t r ic t  o u r  s e a r c h  f o r  f a m i l i e s  
o f  s c h e d u l e s  t o  t h e s e  164 male and 172 female  model s c h e d u l e s ,  
summary s t a t i s t i c s  f o r  which a r e  set  o u t  i n  T a b l e s  3.9 and 3.10.  
An examina t ion  o f  t h e  p a r a m e t r i c  v a l u e s  e x h i b i t e d  by t h e  336 
m i g r a t i o n  s c h e d u l e s  summarized i n  T a b l e s  3.9 and 3.10 s u g g e s t s  
t h a t  a  l a r g e  f r a c t i o n  o f  t h e  v a r i a t i o n  e x h i b i t e d  by t h e s e  sche-  
d u l e s  i s  a  consequence o f  changes  i n  t h e  v a l u e s  o f  t h e  f o l l o w i n g  
f o u r  p a r a m e t e r s  and d e r i v e d  v a r i a b l e s :  p 2 ,  6 1 2 ,  a 2 ,  and B 1 2 .  
M i g r a t i o n  s c h e d u l e s  may b e  e a r l y  o r  l a t e  p e a k i n g ,  depend ing  
on t h e  l o c a t i o n  o f  p 2  on t h e  h o r i z o n t a l  ( a g e )  a x i s .  Although 
t h i s  pa ramete r  g e n e r a l l y  t a k e s  on a  v a l u e  c l o s e  t o  20, rough ly  
3  o u t  o f  4 o b s e r v a t i o n s  f a l l  w i t h i n  t h e  r a n g e  o f  17 t o  25-  W e  
s h a l l  c a l l  t h o s e  below a g e  19 a s  e a r l y  p e a k i n g  s c h e d u l e s  and 
t h o s e  above 22 a s  l a t e  p e a k i n g  s c h e d u l e s .  
The r a t i o  o f  t h e  two b a s i c  v e r t i c a l  p a r a m e t e r s ,  a l  and a 2 ,  
i s  a  measure of  t h e  r e l a t i v e  impor tance  o f  t h e  m i g r a t i o n  o f  c h i l -  
d r e n  i n  a  model m i g r a t i o n  s c h e d u l e .  The i n d e x  o f  c h i l d  depen- 
dency,  = a , / a 2 ,  t e n d s  t o  e x h i b i t  mean v a l u e  o f  a b o u t  a  t h i r d  
w i t h  80 p e r c e n t  o f  t h e  v a l u e s  f a l l i n g  between o n e - f i f t h  and 
four-fifths. Schedules with an index of one-fifth or less will 
be said to be labor d o m i n a n t ;  those above two-fifths will be 
called c h i  ld dependent. 
Migration schedules with labor force components that take 
the form of a relatively symmetrical bell-shape will be said to 
be labor symmetrical. These schedules will tend to exhibit an 
index of labor asymmetry, o = h2/ct2, that is less than 2. 2 
Labor asymmetric schedules, on the other hand, will usually 
assume values for o2 of 5 or more. The average migration sche- 
dule will tend to show a 02-value of about 4, with approximately 
5 out of 6 schedules exhibiting ao2within the range of 1 to 8. 
Finally, the index of parental-shift regularity in many 
schedules is close tounity,with approximately 70 percent of 
the values lying between one-third and four-thirds. Values 
of B 1 2  = al/a2 that are lower than four-fifths or higher than 
six-fifths will be called irregular. 
~ h u s  we may image a 3 by 4 cross-classification of migra- 
tion schedules that defines a dozen "average families." 
Introducing a low and a high value for each parameter gives 
rise to 16 additional families for each of the three classes of 
schedules. Thus we may conceive of a minimum set of 60 families, 
equally divided among schedules with a retirement peak, schedules 
with a retirement slope, and schedules with neither a retirement 
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To complement t h e  above d i s c u s s i o n  w i t h  a  few v i s u a l  i l l u s -  
t r a t i o n s ,  w e  p r e s e n t  i n  F i g u r e  3.2A s i x  l a b o r  dominant  p r o f i l e s ,  
w i t h  6 1 c  f i x e d  a t  22. The t a l l e s t  t h r e e  e x h i b i t  a  s t e e p  r a t e  o f  
d e s c e n t  a 2  = . 3 ;  t h e  s h o r t e s t  t h r e e  show a  much more modera te  
s l o p e  o f  a 2  = . 0 6 .  Within  each  f a m i l y  o f  t h r e e  c u r v e s ,  one  f i n d s  
v a r i a t i o n s  i n  u and i n  t h e  r a t e  o f  a s c e n t ,  X 2 .  I n c r e a s i n g  t h e  2  
former s h i f t s  t h e  c u r v e  t o  t h e  r i g h t  a l o n g  t h e  h o r i z o n t a l  a x i s ;  
i n c r e a s i n g  t h e  l a t t e r  pa ramete r  r a i s e s  t h e  r e l a t i v e  h e i g h t  o f  t h e  
h i g h  peak.  
The s i x  s c h e d u l e s  i n  F i g u r e  3.2B d e p i c t  t h e  c o r r e s p o n d i n g  
two f a m i l i e s  o f  c h i l d  dependent  p r o f i l e s .  The r e s u l t s  a r e  gen- 
e r a l l y  s i m i l a r  t o  t h o s e  i n  F i g u r e  3.2At w i t h  t h e  e x c e p t i o n  t h a t  
t h e  r e l a t i v e  impor tance  o f  m i g r a t i o n  i n  t h e  p r e - l a b o r  f o r c e  a g e  
groups  i s  i n c r e a s e d  c o n s i d e r a b l y .  The p r i n c i p a l  e f f e c t s  o f  t h e  
change i n  a r e :  (1  ) a  r a i s i n g  of  t h e  i n t e r c e p t  a l  + c  a l o n g  
t h e  v e r t i c a l  a x i s ,  and ( 2 )  a  s i m u l t a n e o u s  r e d u c t i o n  i n  t h e  h e i g h t  
of  t h e  l a b o r  f o r c e  component i n  o r d e r  t o  m a i n t a i n  a  c o n s t a n t  a r e a  
o f  u n i t y  under  e a c h  c u r v e .  
F i n a l l y ,  t h e  dozen s c h e d u l e s  i n  F i g u r e s  3.2C and 3.2D de- 
s c r i b e  s i m i l a r  f a m i l i e s  o f  m i g r a t i o n  c u r v e s ,  b u t  i n  t h e s e  pro-  
f i l e s  t h e  r e l a t i v e  c o n t r i b u t i o n  o f  t h e  c o n s t a n t  component t o  t h e  
u n i t  GMR h a s  been i n c r e a s e d  s i g n i f i c a n t l y  ( i t  Ale = 2 . 6 ) .  I t  
i s  i m p o r t a n t  t o  n o t e  t h a t  such  "pure"  measures  o f  p r o f i l e  a s  x R ,  
xh, X ,  and A remain u n a f f e c t e d  by t h i s  change ,  whereas "impure" 
- 
p r o f i l e  measures ,  such  a s  t h e  mean a g e  o f  m i g r a t i o n ,  n ,  now t a k e  
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3.4 S e n s i t i v i t y  A n a l y s i s  
The p r e c e d i n g  s u b s e c t i o n s  have  f o c u s e d  o n  a  compar i son  o f  
t h e  f u n d a m e n t a l  p a r a m e t e r s  d e f i n i n g  t h e  model m i g r a t i o n  a g e  p ro -  
f i l e s  o f  a  number o f  n a t i o n s .  The compar i son  y i e l d e d  r a n g e s  o f  
v a l u e s  w i t h i n  which  e a c h  p a r a m e t e r  may b e  e x p e c t e d  t o  f a l l  and  
s u g g e s t e d  a  c l a s s i f i c a t i o n  o f  s c h e d u l e s  i n t o  f a m i l i e s .  W e  now 
t u r n  t o  a n  a n a l y t i c  e x a m i n a t i o n  o f  how c h a n g e s  i n  s e v e r a l  o f  t h e  
more i m p o r t a n t  p a r a m e t e r s  become m a n i f e s t e d  i n  t h e  a g e  p r o f i l e  
o f  t h e  model s c h e d u l e .  F o r  a n a l y t i c a l  c o n v e n i e n c e  w e  b e g i n  by 
f o c u s i n g  o n  t h e  p r o p e r t i e s  o f  t h e  d o u b l e  e x p o n e n t i a l  c u r v e  t h a t  
d e s c r i b e s  t h e  l a b o r  f o r c e  component:  
W e  b e g i n  by  o b s e r v i n g  t h a t  i f  a  i s  se t  e q u a l  t o  h 2  i n  t h e  2  
above  e x p r e s s i o n ,  t h e n  t h e  l a b o r  f o r c e  component  a s sumes  t h e  
s h a p e  o f  a  well-known e x t r e m e  v a l u e  d i s t r i b u t i o n  u s e d  i n  t h e  
s t u d y  o f  f l o o d  f l o w s  (Gumbel, 1 9 4 1 ;  K i m b a l l ,  1 9 4 6 ) .  I n  s u c h  a 
case t h e  f u n c t i o n  f 2 ( x )  i s  s y m m e t r i c a l  a r o u n d  i t s  mean xh  = p 2  
and  r e a c h e s  i t s  maximum, yh ,  a t  t h a t  p o i n t .  To a n a l y z e  t h e  more 
g e n e r a l  case where  a 2  # h 2 ,  w e  may d e r i v e  a n a l y t i c a l  e x p r e s s i o n s  
f o r  b o t h  o f  t h e s e  v a r i a b l e s  by d i f f e r e n t i a t i n g  e q u a t i o n  ( 4 )  w i t h  
r e s p e c t  t o  x ,  s e t t i n g  t h e  r e s u l t  e q u a l  t o  z e r o ,  and  t h e n  s o l v i n g  
t o  f i n d  
a n  e x p r e s s i o n  t h a t  d o e s  n o t  i n v o l v e  a and 2  ' 
a n  e x p r e s s i o n  t h a t  d o e s  n o t  i n v o l v e  p 2  
Note  t h a t  i f  X 2  > a 2 ,  which  i s  almost a l w a y s  t h e  c a s e ,  t h e n  
xh > p 2 .  And o b s e r v e  t h a t  i f  a2 = h 2 ,  t h e n  t h e  above  t w o  e q u a t i o n s  
s i m p l i f y  t o  
and 
S i n c e  p 2  a f f e c t s  xh o n l y  a s  a  d i s p l a c e m e n t ,  w e  may f o c u s  
on t h e  v a r i a t i o n  o f  xh a s  a  f u n c t i o n  o f  a 2  and X 2 .  A p l o t  o f  
xh a g a i n s t  a 2 ,  f o r  a  f i x e d  X 2 ,  shows t h a t  i n c r e a s e s  i n  a 2  l e a d  
t o  d e c r e a s e s  i n  x  h '  Analogously ,  i n c r e a s e s  i n  X f o r  a  f i x e d  2  ' 
a 2 ,  produce  i n c r e a s e s  i n  xh b u t  a t  a  r a t e  t h a t  d e c r e a s e s  r a p i d l y  
a s  t h e  l a t t e r  v a r i a b l e  approaches  i t s  asymptote .  
The b e h a v i o r  o f  yh i s  independen t  o f  p 2  and v a r i e s  propor-  
t i o n a t e l y  w i t h  a 2 .  Hence i t s  v a r i a t i o n  a l s o  depends fundamen- 
t a l l y  o n l y  on t h e  two v a r i a b l e s  a  and A 2 .  A p l o t  o f  yh a g a i n s t  2 
a 2 ,  f o r  a  f i x e d  X 2 ,  g i v e s  r i se  t o  a  U-shaped c u r v e  t h a t  r e a c h e s  
i t s  minimum a t  a  = X 2 .  I n c r e a s i n g  X widens t h e  s h a p e  o f  t h e  2  2  
u .  
The i n t r o d u c t i o n  o f  t h e  p r e - l a b o r  f o r c e  component i n t o  t h e  
p r o f i l e  g e n e r a l l y  moves xh t o  a  s l i g h t l y  younger age  and r a i s e s  
-a X 
yh by a b o u t  a l  e h ,  u s u a l l y  a  n e g l i g i b l e  q u a n t i t y .  The a d d i -  
t i o n  o f  t h e  c o n s t a n t  t e r m  c ,  of  c o u r s e ,  a f f e c t s  o n l y  y h ,  r a i s i n g  
i t  by t h e  amount o f  t h e  c o n s t a n t .  Thus t h e  m i g r a t i o n  rate a t  
age  x  may b e  e x p r e s s e d  a s  h  
A v a r i a b l e  t h a t  i n t e r r e l a t e s  t h e  p r e - l a b o r  and l a b o r  f o r c e  
components i s  t h e  p a r e n t a l  s h i f t ,  A.  To s i m p l i f y  o u r  a n a l y s i s  
o f  i t s  dependence on t h e  fundamenta l  p a r a m e t e r s ,  it i s  c o n v e n i e n t  
t o  assume t h a t  a  and a 2  a r e  approx imate ly  e q u a l .  I n  such  i n -  1 
s t a n c e s ,  f o r  a g e s  immedia te ly  f o l l o w i n g  t h e  h i g h  peak xh, t h e  
l a b o r  f o r c e  component o f  t h e  model m i g r a t i o n  s c h e d u l e  i s  c l o s e l y  
approximated  by t h e  f u n c t i o n  
Recalling that the pre-labor force curve is given by 
when a l  = a 2 ,  we may equate the two functions to solve for the 
difference in ages that we have called the parental.shift: 
This equation shows that the parental shift will increase 
with increasing values of u and will decrease with increasing 2  
values of a and 6 1 2 .  2  Table 3 .11  compares the values of this 
analytically defined "theoretical" parental shift with the cor- 
responding observed parental shifts presented earlier in Table 2.1  
for Swedish males and females. The two definitions appear to pro- 
duce similar numerical values, but the analytical definition has 
the advantage of being simpler to calculate and analyze. 
Consider the rural-to-urban migration age profile defined 
by the parameters in Table 3 . 1 2 .  In this profile the values of 
a 2  and A 2  are almost equal making it a suitable illustration of 
several points raised in the above discussion. 
First, calculating xh with equation ( 5 )  gives 
as against the xh = 2 1 . 5 9  set out in Table 3 . 1 1 .  Deriving y h 
with equation (6) gives 
where a2/A2 = 0 . 2 3 7 / 0 . 2 7 0  = 0 . 8 7 8 .  Thus M ( 2 1 . 5 9 )  is approxi- 
mately equal to yh + c = 0 . 0 6 9  + 0 . 0 0 4  = 0 . 0 7 3 .  The value given 
by the model migration schedule equation is also 0 . 0 7 3 .  
T a b l e  3 .11  Observed and  t h e o r e t i c a l  v a l u e s  o f  t h e  p a r e n t a l  s h i f t :  Swedish  r e g i o n s ,  1 9 7 4 .  
(a  S o u r c e :  T a b l e  2.1; b ~ o u r c e :  Roger s ,  R a q u i l l e t ,  and C a s t r o  L19781,  p .  497 . )  
L 
? 
REGIONS OF SWEDEN 
-- 
1 .  2 .  3. 4 .  5.  6 .  7 .  8. 
The P a r e n t a l  S h i f t  E a s t  S o u t h  Nor th  Upper Upper 
S tockholm Middle- Middle-. S o u t h  West Middle-  North-  North-  
Sweden Sweden Sweden Sweden Sweden 
a  Observed ,  m a l e s  27.87  29 .86  29 .91  29.89 29 .57  2 9 . 9 2  3 0 . 1 5  31 .61  
T h e o r e t i c a l  , b  m a l e s  26 .67  2 8 . 9 7  29 .63  29 .74  28 .84  2 9 . 4 3  2 9 . 7 4  30 .59  
a  Observed ,  f e m a l e s  25 .47  2 7 . 2 1  2 7 . 2 6  27 .87  27 .42  27 .09  2 6 . 9 4  28 .36  
T h e o r e t i c a l  , b  f e m a l e s  24 .49  2 6 . 3 3  2 7 . 5 1  2 8 . 2 1  27 .19  27 .69  27 .53  28 .59  
Since a, # a2, we cannot adequately test the accuracy of 
equation ( 7 )  as an estimator of A. Nevertheless, it can be used 
to help account for the unusually large value of the parental 
shift. Substituting in the values for p a*, and 612 into 2' 
equation (7) , we find 
And although this is an underestimate of 45.13, it does suggest 
that the principal cause for the unusually high value of A is 
the unusually low value of 6 12' Had this latter parameter the 
value found for Stockholm's males, for example, the parental 
shift would exhibit the much lower value of 22.52. 
Table  3.12 Paramete r s  and v a r i a b l e s  d e f i n i n g  obse rved  
u r b a n / r u r a l  model m i g r a t i o n  s c h e d u l e s  f o r  
u r b a n / r u r a l  f lows : USSR, 1974. 
V a r i a b l e s  USSR 
and T o t a l  (Males p l u s  Females)  
Paramete r s  Urban t o  Rura l  Rural  t o  Urban 
GMR 
4. SYNTHETIC MODEL MIGRATION SCHEDULES: I. THE CORRELATIONAL 
PERSPECTIVE 
A z y n t h e t i c  model schedule is a collection of age-specific 
rates that is based on patterns observed in various populations 
other than the one being studied and some incomplete data on the 
latter. The justification for such an approach is that age pro- 
files of fertility, mortality, and m i g r a t i o n  vary within predeter- 
mined limits for most human populations. Birth, death, and migra- 
tion rates for one age group are highly correlated with the corre- 
sponding rates for other age groups, and expressions of such inter- 
relationships form the basis of model schedule construction. The 
use of these regularities to develop synthetic (hypothetical) 
schedules that are deemed to be close approximations of the unob- 
served schedules of populations lacking accurate vital and mobil- 
ity registration statistics has been a rapidly growing area of 
contemporary demographic research. 
4.1 Introduction: Alternative Perspectives 
The earliest efforts in the development of model schedules 
were based on only one parameter and hence had very little flex- 
ibility (United Nations, 1 9 5 5 ) .  Demographers soon discovered 
that variations in the mortality and fertility regimes of dif- 
ferent populations required more complex formulations. In 
mortality studies greater flexibility was introduced by provid- 
ing families of schedules (Coale and Demeny, 1 9 6 6 )  or by enlarg- 
ing the number of parameters used to describe the age pattern 
(Brass, 1 9 7 5 ) .  The latter strategy was also adopted in the 
creation of improved model fertility schedules and was augmented 
by the use of analytical descriptions of age profiles (Coale and 
Trussell, 1 9 7 4 ) .  
Since the age patterns of migration normally exhibit a greater 
degree of variability across regions than do mortality and fertil- 
ity schedules, it is to be expected that the development of an 
adequate set of model migration schedules will require a greater 
number both of families and of parameters. Although many alter- 
native methods could be devised to summarize regularities in the 
form of families of model schedules defined by several parameters, 
three have received the widest popularity and dissemination: 
1. the regression approach of the Coale-Demeny model life 
tables (Coale and Demeny 1966 ) 
2. the logit system of Brass (~rass, 1971) , and 
3. the double-exponential graduation of Coale, Mc~eil and 
Trussell (Coale, 1977, Co.ale and McNeil, 1972, and Coale 
and Trussell, 1974) 
The regression approach embodies a c o r r e l a t i o n a l  perspective 
that associates rates at different ages to an index of level, 
where the particular associations may differ from one "family" of 
schedules to another. For example, in the Coale-Demeny model life 
tables the index of level is the expectation of remaining life at 
age 10, and a different set of regression equations is established 
for each of four "regions" of the world.* 
Brass's logit system reflects a r e l a t i o n a l  perspective in 
which rates at different ages are given by a standard schedule 
where shape and level may be suitably modified to be appropriate 
for a particular population. 
The Coale-Trussell model fertility schedules are relational in 
perspective (they use a Swedish standard first-marriage schedule), 
but they also introduce an analytic description of the age profile 
by adopting a double exponential curve that defines the shape of 
the age-specific first-marriage function. 
In this section and the next we mix the above three approaches 
to define two alternative perspectives for creating synthetic 
model migration schedules to be used in situations where only 
inadequate or defective data on internal (origin-destination) 
migration flows are available. Both perspectives rely on the 
analytic (double plus single exponential) graduation defined by 
the basic model migration schedule set out in Section 1 of this 
paper; they differ in the method by which a synthetic schedule 
is identified as being appropriate for a particular population. 
*Each of the four reqions (North, South, East, and West) defines a 
collection of similar mortality schedules that are more uniform in 
pattern than the totality of observed life tables. 
The first, the regression approach, associates variations in the 
parameters and derived variables of the model schedule to each 
other and then to age-specific migration rates. The second, the 
logit approach, embodies different relationships between the model 
schedule parameters in several standard schedules and then asso- 
ciates the logits of the migration rates in the standard to those 
of the population in question. 
4.2 The Correlational Perspective: The Regression Migration System 
A straightforward way of obtaining a synthetic model migration 
schedule from limited observed data is to associate such data to 
the basic model schedule's parameters by means of regression 
equations. For example, given estimates of the migration rates of 
infants and young adults, M(0 - 4) and M(20 - 24) say, we may use 
equations of the form 
to estimate the set of parameters Qi that define the model schedule. 
However, the comparative analysis in Section 3 showed that the 
parameters of the fitted model schedules were not independent of 
each other. For example, higher than average values of h were 2 
associated with lower than average values of a 1 ' The incorporation 
of such dependencies into the regression approach would surely 
improve the accuracy and consistency of the estimation procedure. 
An examination of empirical associations among model schedule 
parameters and variables, therefore, is a necessary first step. 
~egularities in the covariations of the model schedule's 
parameters suggest a strategy of model schedule construction 
that builds on regression equations embodying these covaria- 
tions. For example, if a2 increases linearly with increas- 
ing values of a2, then the linear regression equation 
may adequately capture this pattern of covariation. For Swedish 
females this equation is estimated to be 
The correlation coefficient is 0.92, and the t-statistic of the 
regression coefficient associated with a is 17.51. 2 
Table 4.1 presents regression equations, such as the one above, 
fitted to Swedish data on males and on females, The particular 
choice of variables and parameters included there is, of course, 
only one of many possible alternatives, and it reflects a partic- 
ular sequence of steps by which a complete model schedule with unit 
x and GMR can be inferred on the basis of estimates for: E12, e r  
xh. Given values for these three variablesfone can proceed to 
estimate p2, A2, 02, and B12. Since o = A2/a2 we obtain, at the 2 
same time, an estimate for a2, which we then can use to find a2. 
With a2 established,al may be estimated by drawing on the defi- 
nitional equation A 1 2  = al /a2 , and a1 may be found with the simi- 
lar equation S l 2  = a1/u2. An initial estimate of c is obtained 
by setting c = a1/61c, where 61c is estimated by regressing it 
on 612, and a l ,  a and c are scaled to give a GMR equal to unity. 2 ' 
Conceptually, this approach to model schedule construction 
begins with the labor force component and then appends to it the 
pre-labor force part of the curve. The value given for 6 12 
reflects the relative weights of these two components, with low 
values defining a labor dominant curve and high values pointing to 
a family dominated curve. (The behavior of the post-labor force 
curve is here assumed to be treated exogenously.) 
We begin the calculations with p2 to establish the location of 
the curve on the age axis; is it an early or late peaking curve? 
Next, we turn to the determination of its two slope parameters A2 
and a2 by determining whether or not it is a labor symmetric curve. 
Values of o2 between 1 and 2 generally characterize a labor sym- 
metric curve; higher values describe an asymmetric age profile. 
T a b l e  4.1 The Swedish r e g r e s s i o n  e q u a t i o n s :  ma les  and  f e m a l e s .  
Multiple Regression Coefficients of Independent Variables* Correlation 
Dependent Inter- 612 a 2 X~ "h Coefficient Variables cept r 
MALES 
FEMALES 
*Values i n  parentheses are t - s t a t i s t i c s .  
The r e g r e s s i o n  o f  a 2  on a 2  p r o d u c e s  t h e  f o u r t h  p a r a m e t e r  needed t o  
d e f i n e  t h e  l a b o r  f o r c e  component. With v a l u e s  f o r  u 2 ,  A 2 ,  a 2 ,  and 
a  t h e  c o n s t r u c t i o n  p r o c e d u r e  t u r n s  t o  t h e  e s t i m a t i o n  o f  t h e  p r e -  2  
l a b o r  f o r c e  c u r v e ,  which i s  d e f i n e d  by t h e  two p a r a m e t e r s  a l  and 
a  1 ' Its  r e l a t i v e  s h a r e  o f  t h e  t o t a l  u n i t  a r e a  unde r  t h e  model 
m i g r a t i o n  s c h e d u l e  i s  se t  by t h e  v a l u e  g i v e  t o  6 1 2 .  
E x h i b i t  4.1 d e m o n s t r a t e s  t h e  s e q u e n c e  o f  c a l c u l a t i o n s  w i t h  t h e  
Stockholm model m i g r a t i o n  s c h e d u l e  f o r  f e m a l e s .  F i g u r e  4.1 
i l l u s t r a t e s  t h e  r e s u l t i n g  f i t . *  
4 .3  The Basic R e g r e s s i o n  E q u a t i o n s  
The c o l l e c t i o n  o f  r e g r e s s i o n  e q u a t i o n s  se t  o u t  i n  ~ x h i b i t  4 . 1  
may be  d e f i n e d  t o  r e p r e s e n t  t h e  " c h i l d  dependency"  se t ,  inasmuch 
a s  t h e i r  c e n t r a l  i n d e p e n d e n t  v a r i a b l e  6 1 2  i s  t h e  i n d e x  o f  c h i l d  
dependency.  I t  i s ,  of  c o u r s e ,  a l s o  p o s s i b l e  t o  r e p l a c e  t h i s  
i n d e p e n d e n t  v a r i a b l e  w i t h  o t h e r s ,  s u c h  a s  o 2  o r  B 1 2 ,  f o r  example ,  
t o  c r e a t e  a  " l a b o r  asymmetry" o r  a  " p a r e n t a l  r e g u l a r i t y "  s e t ,  
r e s p e c t i v e l y .  T a b l e  4.2 p r e s e n t s  r e g r e s s i o n  c o e f f i c i e n t s  f o r  a l l  
t h r e e  v a r i a n t s ,  o b t a i n e d  u s i n g  t h e  a g e - s p e c i f i c  i n t e r r e g i o n a l  
m i g r a t i o n  s c h e d u l e s  ( s c a l e d  t o  u n i t  GMR) o f  Sweden, t h e  U n i t e d  
Kingdom, and  J a p a n .  D e l e t i n g  s c h e d u l e s  w i t h  a  r e t i r e m e n t  p e a k ,  
l e a v e s  a  t o t a l  o f  163 f o r  ma les  and 172 f o r  f e m a l e s .  
T e s t s  o f  t h e  3  v a r i a n t s  o f  t h e  b a s i c  r e g r e s s i o n s  u s i n g  t h e  
d a t a  on Sweden, t h e  U n i t e d  Kingdom, and J a p a n  produced  r e l a t i v e l y  
s a t i s f a c t o r y  r e s u l t s ,  w i t h  t h e  g o o d n e s s - o f - f i t  i n d e x  E  g e n e r a l l y  
l y i n g  i n  t h e  r a n g e  be tween 5  and 3 5 .  Of t h e  t h r e e  v a r i a n t s ,  t h e  
c h i l d  dependency  se t  g a v e  t h e  b e s t  f i t s  i n  a b o u t  a h a l f  o f  t h e  
f e m a l e  s c h e d u l e s  t e s t e d ,  whereas  t h e  p a r e n t a l  r e g u l a r i t y  se t  was 
overwhelmingly  t h e  b e s t  f i t t i n g  v a r i a n t  f o r  t h e  male s c h e d u l e s .  
4 . 4  Using t h e  Basic R e g r e s s i o n  E q u a t i o n s  
To u s e  t h e  b a s i c  r e g r e s s i o n  e q u a t i o n s  p r e s e n t e d  i n  T a b l e  4 . 2 ,  
one  f i r s t  n e e d s  t o  o b t a i n  estimates o f  6 1 2 ,  x L ,  and  xh. V a l u e s  
f o r  t h e s e  t h r e e  v a r i a b l e s  may b e  s e l e c t e d  t o  r e f l e c t  i n fo rmed  
g u e s s e s ,  h i s t o r i c a l  d a t a ,  o r  e m p i r i c a l  r e g u l a r i t i e s  be tween such  
model s c h e d u l e  v a r i a b l e s  and  o b s e r v e d  m i g r a t i o n  d a t a .  
*The r e t i r e m e n t  peak  i s  i n t r o d u c e d  e x o g e n o u s l y  by s e t t i n g  
i t s  p a r a m e t e r s  e q u a l  t o  t h o s e  o f  t h e  " o b s e r v e d "  model m i g r a t i o n  
s c h e d u l e .  
A. INPUTS 
B. OUTPUTS 
8 . 1  L a b o r  f o r c e  ccmponen t  
p2 
= -1.080 - 2.527 612 + 0.086 X ,  + 0.914 \ 
= 19.42 
B.2 P r e - l a b o r  f o r c e  componen t  
a = a 6 = 0.02E 1 2 1 2  
B.3  C o n s t a n t  componen t  
C. GOODNESS OF FIT* 
Exhibit 4.1 The calculation sequence with the Swedish regressions: 
Stockholm females, GMR = 1 
*The goodness-of-fit index E is the  mean absolute e r r o r  expressed a s  a percent- 
age of the  observed mean. I t  is defined i n  equation (2)  of Section 2. 
Figure 4.1 The fit of the synthetic model migration schedule 
based on Swedish national regression equations; 
Stockholm females, 1974. 
Table 4.2 A basic set of regression equations. 
R e g r e s s i o n  C o e f f i c i e n t s  o f  I n d e p e n d e n t  V a r i a b l e s *  
612 M u l t i p l e  
C o r r e l a t i o n  
Dependent  I n t e r -  ,.' - - 2 - X C o e f f i c i e n t  B12 a V a r i a b l e s  c e p t  2  X~ h  r 
C h i l d  Dependency S e t  (6  12 
Labor Asymmetry S e t  (0 ) 2  
---------- same e q u a t i o n  as i n  t h e  c h i l d  dependency set----------- 
P a r e n t a l  R e g u l a r i t y  S e t  ( B12) 
E q u a t i o n s  Common t o  A 1 1  S e t s  (612) 
*Values  i n  p a r e n t h e s e s  are t - s ta t i s t ics .  
T a b l e  4 . 2  A b a s i c  s e t  of  r e g r e s s i o n  e q u a t i o n s  ( c o n t i n u e d )  . 
B. FEMALES 
Regress ion  C o e f f i c i e n t s  o f  Independent  V a r i a b l e s *  
M u l t i p l e  
C o r r e l a t i o n  
L 
Dependent I n t e r -  --- C o e f f i c i e n t  
5 2  
a 2  X~ X V a r i a b l e s  c e p t  h  r 
C h i l d  Dependency S e t  (d12) 
Labor Asymmetry S e t  (0,) 
2  
___________- , m e  e q u a t i o n  a s  i n  t h e  c h i l d  dependency set---------- 
P a r e n t a l  R e g u l a r i t y  S e t  ( B  12 
Equa t ions  Common t o  A l l  S e t s  (6 ,  ,) 
- -  - 
*Values i n  p a r e n t h e s e s  a r e  t - s t a t i s t i c s .  
For example, suppose that a fertility survey has produced a 
crude estimate of the ratio of infant to parent migration rates: 
M = M(0-4)/M(20-24), say, A linear regression of 6i2 on this M-ratio 
gives, for Swedish females, 
and a correlation coefficient of 0.92. Enlarging the data set to 
also include the United Kingdom and Japan reduces the correlation 
coefficient to 0.66, and gives 
Estimating the corresponding equation for males yields 
and a correlation coefficient of 0.80. And repeating the above 
two regression calculations using data for single years of age 
(that is, M = M(0-1)/M(20-21)) gives 
and 
The correlation coefficients indicate that the fits for the 
five-year age groups are somewhat better for both males and females, 
and such data are generally more readily available. Moreover, 
tests of both pairs of regressions with data for Sweden, the 
United Kingdom, and Japan consistently show that the two pairs 
produce virtually identical age profiles for fixed values of xk 
and x  h '  Consequent ly  we s h a l l  r e s t r i c t  o u r  a t t e n t i o n  t o  t h e  
f i v e - y e a r  a g e  i n t e r v a l  r e g r e s s i o n  e q u a t i o n s .  
F i g u r e  4.2 i l l u s t r a t e s  examples o f  t h e  q u a l i t y  of  f i t  p r o v i -  
ded by t h e  s y n t h e t i c  s c h e d u l e s  t o  t h e  o b s e r v e d  model m i g r a t i o n  
d a t a .  Two s e t s  o f  s y n t h e t i c  s c h e d u l e s  a r e  shown: t h o s e  w i t h  t h e  
obse rved  i n d e x  o f  c h i l d  dependency ( E 1 2 )  and t h o s e  w i t h  t h e  es t i -  A 
mated i n d e x  ( 6  2 )  , c a l c u l a t e d  u s i n g  t h e  f i v e - y e a r  a g e  g r o u p  re- 
g r e s s i o n s .  
4.5 A p p l i c a t i o n s  
A c l o s e r  examina t ion  o f  t h e  b a s i c  se t  o f  r e g r e s s i o n  e q u a t i o n s  
r e v e a l s  s e v e r a l  weaknesses.  The e q u a t i o n  f o r  e s t i m a t i n g  B 1 2  i n  
t h e  c h i l d  dependency set  h a s  a  low c o e f f i c i e n t  o f  m u l t i p l e  c o r r e -  
l a t i o n ,  r=0 .28 .  I t  would seem p r u d e n t  t o  s imply  se t  B 1 2  e q u a l  t o  
a  f i x e d  v a l u e ,  s a y  u n i t y .  A s i m i l a r  j u s t i f i c a t i o n  may be  made f o r  
s e t t i n g  c e q u a l  t o  0.003 say .  
The male and female  r e g r e s s i o n  e q u a t i o n s  t o  c a l c u l a t e  a 2  a r e  
s i m i l a r  enough t o  l e a d  one  t o  combine them t o  d e f i n e  t h e  u n i s e x u a l  
e q u a t i o n  
The r e g r e s s i o n  e q u a t i o n s  f o r  c a l c u l a t i n g  p 2 ,  o and h 2  remain  2  ' 
a s  set  o u t  i n  T a b l e  4 . 2 .  
S i m p l i f i c a t i o n  o f  t h e  M-ra t io  r e g r e s s i o n  a l s o  i s  p o s s i b l e .  
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E x h i b i t  4 . 2  p r e s e n t s  t h e  c a l c u l a t i o n  sequence  t h a t  u s e s  
t h e  above e q u a t i o n s  t o  produce  t h e  s y n t h e t i c  model m i g r a t i o n  
s c h e d u l e  f o r  P h i l i p p i n e  males  i l l u s t r a t e d  i n  F i g u r e  4 . 3 .  The 
r e s u l t  i s  n o t  v e r y  s a t i s f a c t o r y  and s u g g e s t s  t h a t  f u r t h e r  re- 
s e a r c h  on t h e  development  o f  a  b a s i c  set  o f  r e g r e s s i o n s  appro-  
p r i a t e  t o  T h i r d  World c o u n t r i e s  i s  needed.  
A.  INPUTS 
(from del Mar Pernia 1977, p. 114) 
B .  OUTPUTS 
B. 1 Labor force component 
B.2 Pre-labor force component 
B. 3 Constant component 
c = 0.003 
C .  GOODNESS OF F I T  
Exhibit 4.2 The calculation sequence with the simplified 
version of the basic regressions: Philippine 
males. 
I 1 
p s ~ ~ ~ s n r a r r ~ s u s r r s s ~ m ~  
PHILIPPINE MALES 
Source: del Mar Pernia 
( 1 9 7 7 )  
F i g u r e  4 . 3  A s y n t h e t i c  model m i g r a t i o n  s c h e d u l e  f o r  
P h i l i p p i n e  males: t h e  c o r r e l a t i o n a l  approach  
5. SYNTHETIC MODEL MIGRATION SCHEDULES: 11. THE RELATIONAL 
PERSPECTIVE 
Two alternative perspectives for identifying an appropri- 
ate syntheticmodel migration schedule for a regional population 
with inadequate data were outlined at the beginning of the pre- 
ceding section. Both ultimately depend on the availability of 
some limited data to obtain the appropriate model schedule, for 
example, at least two age-specific rates such as M(0-4) and 
M(20-24) and informed guesses regarding the values of a few key 
variables, such as the low and high points of the schedule. 
Although the appropriate alternative will always depend on 
the particular situation at hand, it seems reasonable to expect 
that the relational logit system may turn out to be the more 
suitable approach in some particular instances. Therefore, we 
shall continue our discussion of synthetic schedules, in this 
section, by focusing on the development of a logit migration 
sys tem. 
5.1 Introduction: The Logit Approach 
Among the most popular methods for estimating mortality from 
inadequate or defective data, is the so-called "logit system" 
developed by William Brass about twenty years ago and now widely 
applied by demographers all over the world.* The logit approach 
to model s.chedules is founded on the assumption that different 
mortality schedules can be related to each other by a linear 
transformation of the logits of their respective survivorship 
probabilities. That is, given an observed series of survivorship 
probabilities L (x) for ages x = 1,2,...,W, it is possible to 
associate these with a "standard" series ts(x) by means of the 
linear relationship 
*Brass (1971), Brass and Coale (1968), Carrier and Hobcraft 
(1971), Hill and Trussell (1977), and Zaba (1979). 
where 
logit [y (x) I = In [*I = y (x) , say , 0 < y (x) < 1 , 
Y (XI = Y + P Ys (XI 
The inverse of this function is 
The principal results of this mathematical transformation 
of the nonlinear k(x) function is a more nearly linear function 
in x, with a range of minus and plus infinity rather than unity 
and zero. 
Given a standard schedule, such as the set of standard 
logits, Ys(x), proposed by Brass, a life table can be created 
by selecting appropriate values for y and P .  In the Brass system 
y reflects the level of mortality and p defines the relationship 
between child and adult mortality. The closer y is to zero and p 
to unity, the more like the standard is the synthetically created 
life table. 
5.2 The Relational Perspective: The Logit Migration System 
As before, let M(x) denote the age-specific migration rates 
u 
of a schedule scaled to a unit gross migraproduction rate (GMR), 
and let UMS(~) denote the corresponding standard schedule. 
Taking logits of both sets of rates gives the logit migration 
system 
and 
where, for example, 
The selection of a particular migration schedule as a stand- 
ard reflects the belief that it is broadly representative of the 
age pattern of migration in the multiregional population system 
under consideration. To illustrate a number of calculations 
carried out with several sets of multiregional data, we shall 
adopt the national age profile as the standard in each case and 
strive to estimate regional outmigration age profiles by relating 
them to the national one. Specifically, given an m by m table of 
interregional migration flows for any age x, we divide each origin- 
destination-specific flow Oij(x) by the population in the origin 
region K .  (x) to define the age-specific migration rate Mi (x) . 
1 
For the corresponding national rate, we define 
Scaling all schedules to unit GMR gives 
Mi. (x) M. . (x) 
M (x) = =L 
u ij LMij(xj CMRij , i # j  f 
X 
and 
M..(x) = M.. (x) - H..(x) - -  
u M.. (x) GMR.. 
F i g u r e  5 . la  i l l u s t r a t e s  t h e  n a t i o n a l  m i g r a t i o n  r a t e  s c h e d u l e  
o f  Swedish  ma le s  and  f e m a l e s  i n  1974,  s c a l e d  t o  u n i t  GMR. The 
r a t e s  a r e  f o r  s i n g l e  y e a r s  o f  a g e  and  d e s c r i b e  t r a n s f e r s  a c r o s s  
t h e  r e g i o n a l  b o u n d a r i e s  o f  t h e  e i g h t - r e g i o n  s y s t e m  a d o p t e d  i n  t h e  
c o m p a r a t i v e  s t u d y .  
F i g u r e  5 . l b g r a p h s  t h e  a g e  p a t t e r n  of  t h e  l o g i t  v a l u e s ,  Y s ( x ) ,  
o f  t h e  n a t i o n a l  m i g r a t i o n  r a t e s . *  R e g r e s s i n g  t h e  se t  o f  85 
a g e - s p e c i f i c  o u t m i g r a t i o n  r a t e s  f rom Stockholm t o  t h e  rest  o f  t h e  
n a t i o n ,  on t h e s e  t w o  s t a n d a r d  s c h e d u l e s  o f  l o g i t s ,  g i v e s  
u Y ( x )  = -0.4871 + 0.7664 Ys ( x )  
f o r  m a l e s ,  and  
f o r  f e m a l e s .  
A l t e r n a t i v e l y ,  f i t t i n g  t h e  model m i g r a t i o n  s c h e d u l e  t o  t h e  
n a t i o n a l  s t a n d a r d  w i t h  GMR s e t  e q u a l  t o  u n i t y ,  t a k i n g  l o g i t s  o f  
t h e s e  s t a n d a r d  r a t e s ,  and  r e g r e s s i n g  S t o c k h o l m ' s  model  s c h e d u l e  
o u t m i g r a t i o n  r a t e s  ( w i t h  GMR a l s o  e q u a l  t o  u n i t y )  on  t h e  s t a n d a r d  
l o g i t s ,  g i v e s  
u  
Y ( x )  = -0.4978 + 0.7612 Ys ( x )  
f o r  m a l e s ,  a n d  
u  Y ( x )  = -0.3358 + 0.8345 Ys ( x )  
f o r  f e m a l e s .  The d i f f e r e n c e s  a r e  minor  f o r  most o f  t h e  Swedish  
d a t a  and so a r e  t h e i r  consequences  f o r  t h e  f i t s  o f  t h e  s y n t h e t i c  
S tockholm model s c h e d u l e s  t o  t h e  o b s e r v e d  d a t a  and  i t s  g r a d u a t e d  
e x p r e s s i o n .  F i u u r e  5 . 2  i l l u s t r a t e s  b o t h  p a i r s  o f  f i t s  f o r  S tockholm.  
*Our s t a n d a r d  s c h e d u l e s  s h a l l  a l w a y s  h a v e  a  u n i t  GMR; hence  t h e  
l e f t  s u b s c r i p t  on U Y S ( ~ )  w i l l  be  d ropped  h e n c e f o r t h .  

+l-+--l--l-+--i-+i- - - i 
I ~ I ~ I S ? ~ ) ~ P ~ ~ I ~ ~ W ~ S U ~ S ~ I S ~ - .  
a .  Males AGE b.  Females 
AGE 
r.m -- 
8.-  - -  
Observed Model Schedule 
1 . 1 1 1  -- 
8.M - -  
1.- I-+"'-'+-,-"'-i-'---(- 
S I 1 1  IS N Y i  M S 4 1  I S  Y II U , a  1 n w r;. I 5 1 ~ 1 I m a m a r r r s W s s s r 6 S m n d r a i  
AGE AGE 
c .  Males d:  Females 
Figure 5.2 Logit fits to observed and model migration schedules for males and females leaving 
Stockholm, 1974. 
Henceforth we shall deal only with graduated fits inasmuch as all 
of our non-Swedish data are for five-year age intervals and there- 
fore need to be graduated first in order to provide single-year 
profiles by means of interpolation. 
Figure 5.3 presents male national standards for Sweden, the 
United Kingdom, Japan, and the Netherlands. The differences in 
age profile are marked. Only the Swedish and the U.K. standards 
exhibit a retirement peak. Japan's profile is described without 
one because the age distribution of migrants given by the census 
data ends with the open interval of 65 years and over. The data 
for the Netherlands, on the other hand, show a definite upward 
slope at the post-labor force ages and therefore have been gradu- 
ated with the 9-parameter model schedule with an "upward slope". 
Regressing the logits of the age-specific outmigration rates 
of each region on those of its national standard (the GMRs of 
both first being scaled to unity) gives the estimated values for 
y and p that are set out in Table 5.1. Reversing the procedure 
and combining selected values of y and p with a national standard 
of logit values, produces the GMRs set out in Table 5.2. The latter 
table identifies the following important regularity: whenever  
y = 2 ( p  - I )  t h e n  t h e  GMR o f  t h e  s y n t h e t i c  model s c h e d u l e  i s  
a p p r o x i m a t e l y  u n i t y .  Regressions of the form 
fitted to our data for Sweden, the U.K., Japan, and the Netherlands, 
consistently produce estimates for do and dl that are approximately 
equal to 2 in magnitude and that differ only in sign, i.e., 
h 
do = -2 and a l  = + 2  
Thus 

Table 5.1. Estimated logit model parameters. 
a. Sweden Y P 









b. United Kingdom Y P 
Males Females Males Females 
1. North 
2. Yorkshire 
3. North West 
4. East Middle 
5. West Middle 
6. East Anglia 
7. South East 
8. South West 
9. Wales 
10. Scotland 
Table 5.1. Estimated logit model parameters (continued). 
c. Japan Y P 









d. Netherlands Y P 
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W e  have  n o t e d  b e f o r e  t h a t  when y = 0  and p = 1 ,  t h e  s y n t h e t i c  
model s c h e d u l e  i s  i d e n t i c a l  t o  t h e  s t a n d a r d .  Moreover s i n c e  t h e  
GMR o f  t h e  s t a n d a r d  i s  a lways  u n i t y ,  v a l u e s  o f  y and p t h a t  s a t i s -  
f y  t h e  e q u a l i t y  y = 2 ( p  - 1 )  g u a r a n t e e  a  GMR o f  u n i t y  f o r  t h e  syn-  
t h e t i c  s c h e d u l e .  What a r e  t h e  e f f e c t s  o f  o t h e r  c o m b i n a t i o n s  o f  
v a l u e s  f o r  t h e s e  two p a r a m e t e r s ?  
F i g u r e . 5 . 4  i l l u s t r a t e s  how t h e  Swedish male  s t a n d a r d  sche -  
d u l e  i s  t r a n s f o r m e d  when y and  p a r e  a s s i g n e d  p a r t i c u l a r  p a i r s  o f  
v a l u e s .  F i g u r e  5 .4a  shows t h a t  f i x i n g  y = 0  and i n c r e a s i n g  p 
f rom 0 .75  t o  1 .25  l o w e r s  t h e  s c h e d u l e ,  g i v i n g  m i g r a t i o n  r a t e s  
t h a t  a r e  s m a l l e r  i n  v a l u e  t h a n  t h o s e  o f  t h e  s t a n d a r d .  On t h e  
o t h e r  hand ,  f i x i n g  p = 0 .75 ,  and  i n c r e a s i n g  y f rom -1 t o  0  r a i s e s  
t h e  s c h e d u l e ,  a c c o r d i n g  t o  F i g u r e  5 .4b .  F i n a l l y ,  f i x i n g  t h e  
GMR = 1 by s e l e c t i n g  v a l u e s  o f  y and  p t h a t  s a t i s f y  t h e  e q u a l i t y  
y = 2 ( p  - 1 )  shows t h a t  a s  y and p b o t h  i n c r e a s e ,  s o  d o e s  t h e  
d e g r e e  o f  l a b o r  dominance e x h i b i t e d  by t h e  s y n t h e t i c  s c h e d u l e .  
For  example ,  moving from a  s y n t h e t i c  s c h e d u l e  w i t h  y = - 0 . 5  and  
p = 0.75  t o  o n e  w i t h  y = 0 . 5  a n d  p = 1 .25  d o e s  n o t  a l t e r  t h e  
a r e a  u n d e r  t h e  c u r v e  (GFR = 1 )  b u t  it d o e s  i n c r e a s e  i t s  l a b o r  
dominance ( F i g u r e  5 . 4 ~ )  . 
F i g u r e  5 . 5  compares  t h e  b e h a v i o r  o f  t h e  Swedish  ma le  s t a n d a r d  
w i t h  t h o s e  o f  t h e  U . K . ,  J a p a n ,  and t h e  N e t h e r l a n d s ,  a s  y and  p a r e  
a s s i g n e d  v a l u e s  o f  -0 .5 ,  0 ,  +0 .5  and  0 .75 ,  1 . 0 ,  1 . 2 5 ,  r e s p e c t i v e l y .  
I n  a l l  cases, i n c r e a s e s  i n  y and p v a l u e s  l e a d  t o  more l a b o r  domi- 
n a n t  p r o f i l e s .  Note t h a t ,  whereas  t h e  Swedish c u r v e  shows t h r e e  
p o i n t s  o f  i n t e r s e c t i o n ,  t h e  J a p a n e s e  p r o f i l e  e x h i b i t s  o n l y  two. 
T h i s  s u g g e s t s  t h a t  it m i g h t  b e  u s e f u l  t o  d i s t i n g u i s h  f a m i l i e s  o f  
s t a n d a r d  s c h e d u l e s  a c c o r d i n g  t o  t h e  number and  l o c a t i o n s  a l o n g  t h e  
a g e  a x i s  o f  s u c h  i n t e r s e c t i o n  p o i n t s .  
5 .3  The Basic S t a n d a r d  S c h e d u l e  
The c o m p a r a t i v e  a n a l y s i s  o f  n a t i o n a l  and  i n t e r r e g i o n a l  
m i g r a t i o n  p a t t e r n s  c a r r i e d  o u t  i n  S e c t i o n  3  i d e n t i f i e d  a t  l e a s t  
t h r e e  d i s t i n c t  f a m i l i e s  o f  a g e  p r o f i l e s .  F i r s t ,  t h e r e  was t h e  
11-parameter  b a s i c  mode l  m i g r a t i o n  s c h e d u l e  w i t h  a  r e t i r e m e n t  peak 
t h a t  d e s c r i b e d  a d e q u a t e l y  a  number o f  i n t e r r e g i o n a l  f l o w s ,  f o r  
! ! I ! ! ! ! ! ! ! ! ! ! ! ! ! !  
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example, t h e  age  p r o f i l e s  of ou tmig ran t s  l e a v i n g  c a p i t a l  r e g i o n s  
such a s  Stockholm and London. The e l i m i n a t i o n  of  t h e  r e t i r e m e n t  
peak gave rise t o  t h e  7-parameter  reduced  form of t h i s  b a s i c  
s c h e d u l e ,  a  form t h a t  was used t o  d e s c r i b e  a  l a r g e  number o f  
l a b o r  dominant p r o f i l e s  and t h e  age  p a t t e r n s  o f  m i g r a t i o n  sched- 
u l e s  w i t h  a  s i n g l e  open-ended age  i n t e r v a l  f o r  t h e  p o s t - l a b o r  
f o r c e  p o p u l a t i o n ,  f o r  example, J a p a n ' s  m i g r a t i o n  s chedu l e s .  
F i n a l l y ,  t h e  e x i s t e n c e  of  a  monoton ica l ly  r i s i n g  t a i l  i n  m i g r a t i o n  
s chedu l e s  such a s  t h o s e  e x h i b i t e d  by t h e  Dutch d a t a  l e d  t o  t h e  
d e f i n i t i o n  o f  a  t h i r d  p r o f i l e :  t h e  9-parameter  upward- s lop ing  
mode2 m i g r a t i o n  s c h e d u l e .  These t h r e e  fundamenta l  age  p r o f i l e s  
d e f i n e  o u r  t h r e e  f a m i l i e s  o f  model m i g r a t i o n  s chedu l e s .  
Within  each  fami ly  of s c h e d u l e s ,  a  number o f  key pa r ame te r s  
o r  v a r i a b l e s  may be  p u t  forward i n  o r d e r  t o  f u r t h e r  c l a s s i f y  
d i f f e r e n t  c a t e g o r i e s  of  m i g r a t i o n  p r o f i l e s .  Fo r  example, i n  
S e c t i o n  3 w e  i d e n t i f i e d  t h e  s p e c i a l  impor tance  o f  t h e  f o l l o w i n g  
a s p e c t s  of shape  and l o c a t i o n  a long  t h e  age  a x i s :  
1. PEAKING: e a r l y  peak ing  v s .  l a t e  peak ing  (u2)  
2. DOMINANCE: c h i l d  dominance vs .  l a b o r  dominarice ( ~ 5 , ~ )  
3. SYMMETRY: l a b o r  symmetry v s .  l a b o r  asymmetry ( a 2 )  
4 .  REGULARITY: p a r e n t a l  r e g u l a r i t y  vs .  p a r e n t a l  i r r e g u l a r i t y  ( B 1 2 )  
These fundamenta l  f a m i l i e s  and 4 key pa r ame te r s  g i v e  r ise  t o  
a  l a r g e  v a r i e t y  o f  s t a n d a r d  s chedu l e s .  F o r  example, even if t h e  
4 key pa r ame te r s  a r e  r e s t r i c t e d  t o  o n l y  dichotomous v a l u e s ,  one 
a l r e a d y  needs  z 4  = 16 s t a n d a r d  s chedu l e s .  I f ,  i n  a d d i t i o n ,  t h e  
s e x e s  a r e  t o  be  d i f f e r e n t i a t e d ,  then  32 s t a n d a r d  s c h e d u l e s  a r e  a  
minimum. A l a r g e  number of  s t a n d a r d  s c h e d u l e s  would make t h e  l o g i t  
approach a  less d e s i r a b l e  a l t e r n a t i v e .  Hence w e  s h a l l  examine t h e  
f e a s i b i l i t y  of  adop t i ng  o n l y  a  s i n g l e  s t a n d a r d  f o r  each  s e x  and 
assume t h a t  t h e  shape o f  t h e  p o s t - l a b o r  f o r c e  p a r t  of  t h e  s c h e d u l e  
may be de te rmined  exogenously.* 
* In  tes ts  o f  o u r  l o g i t  m i g r a t i o n  sys tem,  t h e r e f o r e ,  we s h a l l  always 
set t h e  p o s t - l a b o r  f o r c e  r e t i r e m e n t  peak o r  upward s l o p e  e q u a l  t o  
obse rved  model s c h e d u l e  v a l u e s .  
T a b l e  5.3 p r e s e n t s  t h e  median p a r a m e t e r  v a l u e s  o f  t h e  164 
male and  172 f e m a l e  model s c h e d u l e s  t h a t  have  no r e t i r e m e n t  peak ,  
among t h e  i n t e r r e g i o n a l  s c h e d u l e s  c a l c u l a t e d  f o r  Sweden, t h e  
U n i t e d  Kingdom, and  J a p a n .  T h i s  d a t a  b a s e  i s  p r e c i s e l y  t h e  same 
one  t h a t  was used  i n  S e c t i o n  4 t o  d e v e l o p  t h e  b a s i c  r e g r e s s i o n  
e q u a t i o n s  set  o u t  i n  T a b l e  4.2. 
5.4 Using t h e  B a s i c  S t a n d a r d  S c h e d u l e  
Given a  s t a n d a r d  s c h e d u l e  and  a  few o b s e r v e d  r a t e s ,  s u c h  a s  
M (0  - 4 )  and M (20 - 2 4 ) ,  f o r  example ,  how c a n  o n e  f i n d  e s t i m a t e s  
f o r  y and p ,  and  w i t h  t h o s e  e s t i m a t e s  go  on  t o  o b t a i n  t h e  e n t i r e  
s y n t h e t i c  s c h e d u l e ?  
F i r s t ,  t a k i n g  l o g i t s  o f  t h e  t w o  o b s e r v e d  m i g r a t i o n  r a t e s  
g i v e s  Y(0 - 4 )  and Y ( 2 9 - 2 4 )  and  a s s o c i a t i n g  t h e s e  two l o g i t s  w i t h  
t h e  p a i r  o f  c o r r e s p o n d i n g  l o g i t s  f o r  t h e  s t a n d a r d  g i v e s  
S o l v i n g  t h e s e  t w o  e q u a t i o n s  i n  two unknowns g i v e s  c r u d e  e s t i m a t e s  
f o r  y and p ,  and a p p l y i n g  them t o  t h e  s t a n d a r d  s c h e d u l e ' s  f u l l  
set  o f  l o g i t s  r e s u l t s  i n  a  s e t  o f  l o g i t s  f o r  t h e  s y n t h e t i c  
s c h e d u l e .  From t h e s e  one  can  o b t a i n  t h e  m i g r a t i o n  r a t e s ,  a s  
shown i n  s u b s e c t i o n  5 .2 .  However, tests  o f  s u c h  a  p r o c e d u r e  
w i t h  t h e  m i g r a t i o n  d a t a  f o r  Sweden, t h e  U n i t e d  Kingdom, J a p a n ,  
and t h e  N e t h e r l a n d s  i n d i c a t e  t h a t  t h e  method i s  v e r y  e r r a t i c  
i n  t h e  q u a l i t y  o f  t h e  f i t s  t h a t  it p r o d u c e s  a n d ,  t h e r e f o r e ,  
more r e f i n e d  p r o c e d u r e s  a r e  n e c e s s a r y .  Such p r o c e d u r e s  ( f o r  
t h e  c a s e  o f  m o r t a l i t y )  a r e  d e s c r i b e d  i n  t h e  l i t e r a t u r e  o n  t h e  
B r a s s  l o g i t  s y s t e m  ( f o r  example,  i n  B r a s s  1975 and  C a r r i e r  
and  Goh, 1 9 7 2 ) .  
Table 5.3 The basic standard median migration schedule. 
A. WLES 
A r e a s o n a b l e  f i r s t  approx imat ion  t o  a n  improved e s t i m a t i o n  
method i s  s u g g e s t e d  by t h e  r e g r e s s i o n  approach i n  S e c t i o n  4 .  
Imagine a  r e g r e s s i o n  o f  p on t h e  M-ra t io ,  M(0 - 4)/M(20 - 2 4 ) .  
S t a r t i n g  w i t h  t h e  b a s i c  s t a n d a r d  median m i g r a t i o n  s c h e d u l e  and 
v a r y i n g  p w i t h i n  t h e  range  of  obse rved  v a l u e s ,  one  may o b t a i n  
a  c o r r e s p o n d i n g  se t  o f  M - r a t i o s .  A s s o c i a t i n g  p and t h e  M-rat io 
i n  t h i s  way, one  may proceed f u r t h e r  and u s e  t h e  r e l a t i o n a l  
h h 
e q u a t i o n  t o  e s t i m a t e  y from p :  
Using t h e  b a s i c  median s t a n d a r d ,  f o r  example,  g i v e s  t h e  
f o l l o w i n g  r e g r e s s i o n  e q u a t i o n :  
f o r  f e m a l e s ,  and 
f o r  males .  
A f u r t h e r  s i m p l i f i c a t i o n  c a n  be  made by f o r c i n g  t h e  re- 
g r e s s i o n  l i n e  t o  p a s s  t h r o u g h  t h e  o r i g i n ,  a s  i n  S e c t i o n  4 .  
S i n c e  t h e  r e s u l t i n g  r e g r e s s i o n  c o e f f i c i e n t  h a s  a  n e g a t i v e  s i g n  
and t h e  i n t e r c e p t  e x h i b i t s  rough ly  t h e  same a b s o l u t e  v a l u e ,  b u t  
w i t h  a  p o s i t i v e  s i g n ,  t h e  r e g r e s s i o n  e q u a t i o n s  t a k e  o n  t h e  form 
f o r  f e m a l e s ,  and 
f o r  males .  
Given a  s t a n d a r d  s c h e d u l e  and e s t i m a t e s  f o r  y and p ,  one  
can proceed t o  compute t h e  a s s o c i a t e d  s y n t h e t i c  model m i g r a t i o n  
schedule. Figure 5.6 illustrates representative examples of 
the quality of fit obtained using this procedure. Two syn- 
thetic schedules are illustrated with each observed model mi- 
gration schedule: those calculated with the interpolated 85 
single-year of age observations and the resulting least-squares 
estimates of yandp, and those computed using the above regres- 
sion equations of p on the M-ratio. 
5.5 Applications 
The male and female median standard schedules set out in 
Table 5.3 are similar, and a simplified logit system could use 
their average parameter values to define a unisexual standard. 
A rough rounding of these averages would simplify matters even 
more. In applying the logit migration system to data on the 
Philippines, we shall adopt both of the above simplifications 
and use the simplified basic standard migration schedule pre- 
sented in Table 5.4. 
The simplified basic schedule in Table 5.4 together with 
6 
estimates of p obtained with the pair of M-ratio regressions 
set out earlier produced the synthetic schedules for the philip- 
pines illustrated in Figure 5.7. As in Section 4, the results 
are unsatisfactory and underscore the need to define a more 
appropriate standard for Third World countries. 
Table 5.4 The simplified basic standard migration schedule. 
The values of al, a and c are initial values only and need to 2 ' 
be scaled proportionately to ensure a unit GMR. 
t i . .  i - a c f i q z i f i  
s 3 L - a  N O I L W ~ I W  
1 I 
~ ~ ~ m ~ s ~ ~ s w s r ~ ~ ~ ~ ~ ~ ~ s n n a s  
PHILIPPINE MALES (RELATIONAL) 
Source: del Mar Pernia 
(1377) 
F i g u r e  5 .7  A s y n t h e t i c  model m i g r a t i o n  s chedu l e  f o r  
P h i l i p p i n e  males:  t h e  r e l a t i o n a l  approach.  
6 .  CONCLUSION 
T h i s  paper  began w i t h  t h e  o b s e r v a t i o n  t h a t  e m p i r i c a l  regu- 
l a r i t i e s  c h a r a c t e r i z e  obse rved  m u l t i s t a t e  s c h e d u l e s  i n  ways t h a t  
a r e  no less i m p o r t a n t  t h a n  t h e  c o r r e s p o n d i n g  w e l l - e s t a b l i s h e d  
r e g u l a r i t i e s  i n  obse rved  f e r t i l i t y  o r  m o r t a l i t y  s c h e d u l e s .  Sec- 
t i o n  2 was devo ted  t o  d e f i n i n g  m a t h e m a t i c a l l y  such  r e g u l a r i t i e s  
i n  obse rved  m i g r a t i o n  s c h e d u l e s  i n  o r d e r  t o  e x p l o i t  t h e  no ta -  
t i o n a l ,  c o m p u t a t i o n a l ,  and a n a l y t i c a l  a d v a n t a g e s  t h a t  s u c h  a  
f o r m u l a t i o n  p r o v i d e s .  S e c t i o n  3 r e p o r t e d  o n  t h e  r e s u l t s  o f  a n  
examinat ion  o f  o v e r  500 m i g r a t i o n  s c h e d u l e s  t h a t  underscored  t h e  
b road  g e n e r a l i t y  o f  t h e  model m i g r a t i o n  s c h e d u l e  proposed and 
he lped  t o  i d e n t i f y  a  number o f  f a m i l i e s  o f  such  s c h e d u l e s .  
R e g u l a r i t i e s  i n  age  p r o f i l e s  l e a d  n a t u r a l l y  t o  t h e  develop-  
ment o f  h y p o t h e t i c a l  or s y n t h e t i c  model m i g r a t i o n  s c h e d u l e s  t h a t  
might  be  s u i t a b l e  f o r  s t u d i e s  o f  p o p u l a t i o n s  w i t h  i n a d e q u a t e  o r  
d e f e c t i v e  d a t a .  Drawing on t e c h n i q u e s  used  i n  t h e  c o r r e s p o n d i n g  
l i t e r a t u r e  i n  f e r t i l i t y  and m o r t a l i t y ,  S e c t i o n s  4 and 5 o u t l i n e d  
two a l t e r n a t i v e  p e r s p e c t i v e s  f o r  i n f e r r i n g  m i g r a t i o n  p a t t e r n s  i n  
t h e  absence  o f  a c c u r a t e  m i g r a t i o n  d a t a .  
Of what  u s e ,  t h e n ,  i s  t h e  model m i g r a t i o n  s c h e d u l e  d e f i n e d  
i n  t h i s  s t u d y ?  What a r e  some o f  i t s  c o n c r e t e  p r a c t i c a l  a p p l i c a -  
t i o n s ?  
The model m i g r a t i o n  s c h e d u l e  may b e  used t o  g r a d u a t e  ob- 
s e r v e d  d a t a ,  t h e r e b y  smoothing o u t  i r r e g u l a r i t i e s  and  a s c r i b i n g  
t o  t h e  d a t a  summary measures  t h a t  can  b e  used f o r  compara t ive  
a n a l y s i s .  I t  may b e  used t o  i n t e r p o l a t e  t o  s i n g l e  y e a r s  o f  a g e ,  
obse rved  m i g r a t i o n  s c h e d u l e s  t h a t  a r e  r e p o r t e d  f o r  wider  a g e  
i n t e r v a l s .  Assessments  o f  t h e  r e l i a b i l i t y  o f  e m p i r i c a l  migra- 
t i o n  d a t a  and i n d i c a t i o n s  o f  a p p r o p r i a t e  s t r a t e g i e s  f o r  t h e i r  
c o r r e c t i o n  a r e  a i d e d  by the a v a i l a b i l i t y  o f  s t a n d a r d  f a m i l i e s  
o f  m i g r a t i o n  s c h e d u l e s .  F i n a l l y ,  s u c h  s c h e d u l e s  a l s o  may be  
used t o  h e l p  r e s o l v e  problems caused by m i s s i n g  d a t a .  
The a n a l y s i s  o f  n a t i o n a l  m i g r a t i o n  a g e  p a t t e r n s  r e p o r t e d  
i n  t h i s  s t u d y  s e e k s  t o  d e m o n s t r a t e  t h e  u t i l i t y  o f  examining t h e  
r e g u l a r i t i e s  i n  a g e  p r o f i l e  e x h i b i t e d  by e m p i r i c a l  s c h e d u l e s  o f  
i n t e r r e g i o n a l  m i g r a t i o n .  Although,  d a t a  l i m i t a t i o n s  have  re- 
s t r i c t e d  some of the f indings  to conjectures ,  a  modest s t a r t  has 
been made. I t  i s  hoped t h a t  the r e s u l t s  reported here w i l l  in-  
duce others  t o  devote  more a t t e n t i o n  to t h i s  t o p i c ,  
APPENDIX A 
APPENDIX A 
NONLINEAR PARAMETER ESTIMATION IN MODEL MIGRATION SCHEDULES 
This appendix will attempt to briefly illustrate the mathe- 
matical programming procedure used to estimate the parameters of 
the model migration schedule. The nonlinear estimation problem 
may be defined as the search for the "best" parameter values for 
the function : 
best in the sense that a pre-defined objective function is mini- 
mized when the parameters take on these values. 
This problem is the classical one of nonlinear parameter 
estimation in unconstrained optimization. All of the,available 
methods start with a set of given initial conditions, or initial 
guesses of the parameter values, from which they begin a search 
for better estimates following specific convergence criteria. 
The iterative sequence ends after a finite number of iterations, 
and the solution is accepted as giving the "best" estimates for 
the parameters. 
The. problem of selecting a "good" method has been usefully 
summarized by Bard (1974, p.84) as follows: 
... no single method has emerged which is best for 
the solution of all nonlinear programming problems. 
One cannot even hope that a "best" method will ever 
be found, since problems vary so much in size and 
nature. For parameter estimation problems we must 
seek methods which are particularly suitable to the 
special nature of these problems which may be char- 
acterized as follows: 
1. A relatively small number of unknowns, 
rarely exceeding a dozen or so. 
2. A highly nonlinear (though continuous 
and differentiable) objective function, 
whose computation is often very time 
consuming. 
3. A relatively small number (sometimes 
zero) of inequality constraints. Those 
are usually of a very simple nature, 
e.g., upper and lower bounds. 
4. No equality constraints, except in the 
case of exact structural models (where, 
incidentally, the number of unknowns is 
large). ... 
For computational convenience, we have chosen the Marquardt 
method (Levenberg, 1944; Marquardt, 1963). This method seeks out 
a parameter vector P* that minimizes the following objective 
function: 
where fp is the residual vector and I ( -  I I represents the known 
2 
Euclidean vector norm. For the case of a model schedule with a 
retirement peak, vector P has the following elements: 
The elements of the vector fp can be computed by either of the 
following two expressions : 
A 
where M(x) is the observed value at age x and Mp(x) is the esti- 
mated value using equation (~1)and a given vector P of parameter 
estimates. 
By i n t r o d u c i n g  equa t i on  ( ~ 4 ) , i n  t h e  o b j e c t i v e  f u n c t i o n  set 
o u t  i n  e q u a t i o n  (A2), t h e  sum of s q u a r e s  is minimized; i f ,  on t h e  
o t h e r  hand, equa t i on  (AS) i s  i n t roduced  i n s t e a d ,  t h e  c h i - s q u a r e  
s t a t i s t i c  is  minimized.  
I n  matr ix  n o t a t i o n ,  t h e  Levenberg-Marquardt method fo l l ows  
. t he  n e x t  i t e r a t i v e  sequence :  
where X i s  a  non-nega t ive  pa rame te r  a d j u s t e d  t o  e n s u r e  t h a t  a t  
each  i t e r a t i o n  t h e  f u n c t i o n  ( ~ 2 )  i s  reduced ,  J d e n o t e s  d e  Jaco-  
9 
b i a n  matr ix  of  @(P) e v a l u a t e d  a t  t h e  q i t e r a t i o n ,  and D i s  a 
T diagonal '  m a t r i x  e q u a l  t o  t h e  d i a g o n a l  o f  J J. 
The p r i n c i p a l  d i f f i c u l t y  i n  n o n l i n e a r  pa ramete r  e s t i m a t i o n  
i s  t h a t  of  convergence,  and t h i s  method i s  no e x c e p t i o n .  The 
a l g o r i t h m  s tar t s  o u t  by assuming some i n i t i a l  pa r ame te r s ,  and 
t h e n  a  new v e c t o r  P i s  e s t i m a t e d  a c c o r d i n g  t o  t h e  v a l u e  of A ,  
which i n  t u r n  i s  a l s o  modi f ied  f o l l o w i n g  some g r a d i e n t  c r i t e r i a .  
Once some g i v e n  s t o p p i n g  v a l u e s  a r e  ach i eved ,  v e c t o r  P* i s  assumed 
t o  be  t h e  optimum. However, i n  most c a s e s ,  t h i s  P* r e f l e c t s  l o -  
c a l  minima t h a t  may be  improved w i t h  b e t t e r  i n i t i a l  c o n d i t i o n s  
and a  d i f f e r e n t  set  o f  g r a d i e n t  c r i t e r i a .  
Using t h e  d a t a  d e s c r i b e d  i n  t h i s  p a p e r ,  s e v e r a l  exper iments  
were c a r r i e d  o u t  t o  examine t h e  v a r i a t i o n  i n  paramete r  e s t i m a t e s  
t h a t  c an  r e s u l t  from d i f f e r e n t  i n i t i a l  c o n d i t i o n s  (assuming New- 
t o n ' s  g r a d i e n t  c r i t e r i a ) . *  Among t h e  c a s e s  s t u d i e d ,  t h e  most 
s i g n i f i c a n t  d i f f e r e n c e s  w e r e  found f o r  t h e  v e c t o r  P w i t h  e l e v e n  
pa rame te r s ,  p r i n c i p a l l y  among t h e  paramete rs  o f  t h e  r e t i r e m e n t  
component. For s c h e d u l e s  w i t h o u t  t h e  r e t i r e m e n t  peak,  t h e  v e c t o r  
P* shows no v a r i a t i o n  i n  most c a s e s .  
The impact  o f  t h e  g r a d i e n t  cr i te r ia  on t h e  o p t i m a l  v e c t o r  
P* was a l s o  ana lyzed ,  u s i n g  t h e  Newton and t h e  S t e e p e s t  Descent  
methods. The e f f e c t s  o f  t h e s e  two a l t e r n a t i v e s  were r e f l e c t e d  i n  
*For  a  complete  d e s c r i p t i o n  o f  g r a d i e n t  methods,  see F i a c c o  
( 1 9 6 8 )  and Bard ( 1 9 7 4 ) .  
the computing times but not in the values of the vector P*. 
Nevertheless, Bard ( 1 5 7 4 )  has suggested that both methods can 
create problems in the estimation, and therefore they should be 
used with caution, in order to avoid unrealistic parameter esti- 
mates. It appears that the initial parameter values may be im- 
proved by meansof an interactive approach suggested by Benson 
( 1 9 7 9 )  . 
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